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Special Reports: 

Magnetic, Semiconductor, and Optical Media 

Track-following floppy expands storage capacity 

RAM controller chip builds large FIFOs 

Static MOS RAM beats bipolars in speed-power 

Meet the first 128-k EPROM 

IC sets memory system errors aright 

Design memory systems the byte-wide way 

Intelligent streaming tape drive backs up Winchesters 



How to improve your memory. 
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Worried about your product's volatile 
memory? Don't forget about Panasonic. 
Our reliable Memory-Mount '" Batteries 
are pin-compatible with PC-board 
mounts, and we offer an extensive selec- 
tion of types, sizes and voltages to cover 
most every electronic memory support 
requirement. 

For long-life CMOS biasing, our 
Memory-Mount Lithium primary bat- 
teries can keep a binary circuit energized 
for years. They operate in a wide range of 
temperatures) and are designed for min- 
imal shelf life loss (shelf life tests indi- 
cate up to 95% of original capacity after 
five years in some cases). Their stable, 
hermetically-sealed package does not 
generate gas or corrosives, and our 
Memory-Mount types are unaffected by 
flow soldering (available plug-in socket 
accepts our coin-type Lithiums for wave 
soldering). 

For rechargeable secondary battery 
applications, Panasonic Nickel-Cadmium 
Memory-Mount batteries offer close 
capacity/voltage characteristics, up to 




Panasonic 
Memory-Mount 
Batteries, 
your reliable 
memory support 



1,000 charge/discharge cycle capability, 
and they're factory-tested for uniformity. 
All Memory-Mount Nickel-Cadmiums 
can be delivered in discharged state, to 
allow flow soldering onto PC boards 
before charging. 

Our Mercury Memory-Mount batteries 
combine the advantages of miniaturiza- 
tion with large electrical capacity and 
very stable working voltage. Available in 
both cylinder and button types, they 
operate in a wide range of temperatures 
and offer long storage life. 

Most of these PCB pin-compatib 
teries are also available with stand 
tab connections. And Panasonic can 
provide larger battery systems, inclu 
ing sealed lead-acid, for computer pr 
gram transfer, hold-memory storage 
orderly shutdown of computers and 
process controllers. For complete in 
formation, contact Panasonic Company, 
OEM Battery Dept., One Panasonic Way, 
Secaucus, NJ 07094; (201) 348-5264. 



1 



Shown: a selection of Panasonic 
Lithium, Nickel-Cadmium and Mercury 
coin-type and Memory-Mount batteries. 





Panasonic. 

just slightly ahead of our time 



CIRCLE 201 



For $645, you could be well 
on the way to equipping a test 
bench. Because Wavetek's new 
Model 187 is two instruments in 
one. 

It's a 0.0004 Hz to 4 MHz pulse 
generator with variable delay 
and width, single or double 
pulse and normal or inverted 
outputs. The baseline can be 
fixed at zero volts or variable 
with the DC offset control (±10 



volts) for convenient pulse 
adjustments. 

The Model 187 is also a 
function generator. It gives 
you sine, square, and triangle 
waveforms; dual HI/LO 
outputs provide 20 volts peak- 
to-peak and 2 volts peak-to- 
peak into an open circuit 
(10 V p-p into 50 ohms). 
Operation modes are 
continuous, triggered or 



gated. 

The Model 187 Pulse/ 
Function Generator. It's like 
doubling your money. 

For more information, 
contact Wavetek San Diego, 
P.O. Box 651, San Diego, CA 
92112. Tel (714) 279-2200; 
TWX 910-335-2007. 



VAVETEK 



•US. Price Only 



Circle 2 For Literature Circle 3 For Demonstration 



The two generators 
nearly every lab needs. 
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THE RESISTIVE WORKFORCE 

or an economical way to get job-matched networks. 



Dale is easy to pin down when you need assured quality 
in a resistor network. Our low cost commercial and in- 
dustrial styles are made side by side with models which 
have the most comprehensive MIL-R-83401 qualification in 
the industry. From coated SIP to molded DIP. ..our produc- 
tion standards are the same. This means more inherent 
reliability when you specify Dale — for even your most 
price-sensitive applications. Try a sample and see. You'll 
find that continued expansion of production facilities and 
stocking programs makes Dale a highly efficient source to 
help you put resistance to work in an efficient package. 




Make sure you have a copy of our 
Resistor Network Brochure detail- 
ing SIP, DIP, Flatpack and chips. 
What you see is what you can get 
quicker than ever. Give us a call 
today for complete information. 



DALE ELECTRONICS, INC. 

2300 Riverside Blvd., Norfolk, NE 68701 

Phone 402-371-0080 

A subsidiary of the Lionel Corporation 




See our pages 
in EEM 



Dale makes your basics better 
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This Memory Technology issue won't readily be forgotten. 
It boasts three staff -written special reports, as well as eight 
design articles, each of which introduces an important new 
piece of memory-related hardware. What's more, the issue 
kicks off a new series for systems integrators— Systems 
& Software. 

The memory-technology special reports begin with 
Computers Editor Len Yencharis's assessment of magnetic- 
recording technology, which he finds is centering not on 
developing new media and techniques, but on refining those 
that already exist. "With the possible exception of thin-film 
magnetics, the field is starting to follow in the tracks of 
semiconductor processing to minimize the cost/ 
performance ratio," Yencharis reports. 

In the semiconductor-memory field, Senior Editor Dave 
Bursky finds that performance limits are a will-o'-the-wisp 
— just as they are about to be reached, they move further 
away. Redundancy and error-correcting circuitry are 
enabling designers to live comfortably with the less-than- 
perf ect devices that typify high-density solid-state devices. 

Optical-disk storage for archival applications appears 
almost certain to become widespread within the next five 
years, according to Field Editor Jonah McLeod. However, 
critical problems still hinder the development of erasable 
optical disks; McLeod's report identifies the problems and 
examines the state of current research aimed at finding 
solutions. 

Integrating the various subsystems that make up a 
complete computer system is growing more difficult. As 
subsystems become more complex, problems are increasing, 
not going away. The Systems & Software series, which 
stresses the total systems viewpoint, leads off with a four- 
part report on integrating local networks. 

Driven by the need for greater productivity in non- 
manufacturing activities, business organizations are 
gearing up to install networks of computers and peripheral 
devices that will allow users to share such resources as data 
bases, printers, and telecommunications facilities. 
However, systems integrators with plans to penetrate such 
application areas will not only have to select the proper 
architecture, software, and hardware but also have to keep 
abreast of the ongoing efforts to establish standards for 
network communications. Our four-part report will point 
them in the right directions. 

The next installment of Systems & Software, which will 
appear in the November 12 issue, will cover the growing 
impact of software automation. 
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Memory Technology 

65 Introduction 
TECHNOLOGY 

67 All aspects of magnetic recording advance. 

R&D will expand capacity while maintaining magnetics' 
supremacy in nonvolatile storage. 

81 IC memories— no end in sight. 

Tighter processing controls, redundant elements, and error- 
correcting chips keep pushing back speed and density limits. 

97 Optical disks loom as archival store. 

With a cost potentially one-tenth that of magnetic tape, the optical 
disk is being groomed to supplant tape for archival storage. 

DESIGN 

171 X cells pack 128 kbits onto EPROM chip. 

16-kword X 8-bit EPROM doubles storage capacity, features low 
power, fast access, three-state outputs, and a single 5-V supply. 

179 SMOS, circuit design yield fast static RAM. 

An innovative sense-amplifier circuit and scaled-down NMOS 
combine to produce a fast static RAM that conserves power. 

187 Dense floppy drive suits small systems. 

A track-following drive with speedy access puts this floppy-disk 
drive ahead of Winchesters for small-system storage. 

195 Keep memory design simple yet cull 1-bit errors. 

A new error-correction chip with a dual-bus architecture 
interfaces easily with dynamic RAMs. 

209 Organize RAMs as FIFOs with LSI controller. 

Thanks to a new LSI controller chip, large yet economical FIFO 
buffers can be built from standard RAM chips. 
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219 Streaming tape unit backs up Winchesters. 

A %-in. streaming tape drive boasts a data-transfer rate of 90 
kbytes/s and a microprocessor-based controller for DMA. 

227 Byte-wide memory family permits system growth. 
235 X4 nonvolatile RAMs open up applications. 
243 Ideas for Design 



Systems & Software 

113 Introducing a new series for systems integrators. 

INTEGRATING LOCAL NETWORKS 
ss7 Introduction: LANs fuel productivity push. 
ss9 Network architectures offer performance variety. 

Choosing an architecture for a local-area network requires 
study of topologies, protocols, and media. 

ss25 LAN standards: Ethernet vs IEEE-802. 

Defining communications rules within local-area networks 
becomes a problem when a protocol standard must be selected. 

ss39 Software eases network growth. 

Network software must help maintain orderly transitions to 
future applications. 

ss53 Network hardware is key to connection costs. 
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249 Computers: Development system uses color for speed. 

250 Boards mate industrial control with 68000 capability. 
252 Desktop computer puts graphics within reach. 

258 Instruments: Beeping DMM snares fast logic pulses. 

260 Plug-in modules make logic analyzer flexible. 

262 Monitor feature keeps logic analyzer logical. 

264 Analog-signal analyzer goes beyond the scope. 

269 Digital Circuits: Data separator fits on one chip. 

272 Peripherals: Voice coach develops computers' lines. 

276 Production: In-circuit tester handles 3584 multiplexed pins. 

278 Components: DMOS FETs handle 450 to 550 V at up to 7A. 

282 Analog Circuits 286 Subassemblies 

284 Communications 287 New Literature 

286 Materials 



249 
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Electronic Design (USPS-1 72-080) is 
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St., Rochelle Park, NJ 07662. James S. 
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paid at Saddle Brook, NJ, and at additional 
mailing offices. Copyright ®1981, Hayden 
Publishing Company, Inc. All rights reserved. 
POSTMASTER: Please send form 3579 to 
Electronic Design, P.O. Box 13803, Phila- 
delphia, PA 19101. 



Electronic Design • September 30, 1981 5 



A processor and a 2500 
gate controller that shatter 
the sub-lOOns microcycle 
barrier. A 50ns 16 xl6 multi- 
plier. A 16K PROM with a 
35ns access time. 

And that's just a preview 
of what our new process 
lets us do. 
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Ever since we started the 
bipolar LSI business with 



the Am2901 back in 1975, 
we've been making every- 
thing in our 2900 family 
faster and denser. Now, 
thanks to IMOX™ we're doing 
it even better than before. 
IMOX is our advanced, 



ion implanted, oxide isolated 
process. It gives us smaller 
chips; faster, more complex 
devices. 

And because IMOX lets us 
use ECL internal structures 
with TTL I/O, you get all this 
unbelievable speed without 
any interface problems. 



ON MAY 4, 1980, 
AMD DISCOVERED A NEW WAY TO 
MAKE HIGH PERFORMANCE ICs. 



TAKE THE NEW 2901 C. 

Its half the size, one- 
third the price, and more 
than twice the speed of 
the Am2901. 

And we're making high- 
speed VLSI devices right 
now that are going to re- 
place three whole PC boards 
of FAST or AS MSI. That's 



about 200 fewer chips -2 00 
fewer ways to use power, 
spend money and waste time. 

FOUR BIG, HAPPY 
FAMILIES. 

You can come to AMD for 
total design solutions, not 
just a part here and there. 

We've got high perfor- 
mance IMOX LSI families 



The International Standard of Quality guarantees these 
electrical AQLs on all parameters over the operating tempera- 
ture range: 0.1% on MOS RAMs & ROMs; 0.2% on Bipolar 
Logic & Interfaxg^p.3% on Linear, LSI Logic & other memories. 




for signal processors, control- 
lers, CPUs, plus all the inter- 
face and support you're ever 
going to need. Not only that, 
we're using IMOX to make 
the fastest, most complex 
proms ever. 

And all of them come with 
a quality guarantee you 
can't get from anybody else. 

If you want the newest, 
the fastest, the most com- 
plete families of high perfor- 
mance LSI, call AMD. We'll 
show you the light. 



Advanced Micro Devices £1 

901 Thompson Place, Sunnyvale, CA 94086 • (408) 732-2400 
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RELMS builds universality into 

Intel development systems 
Low^cost development packages 
extend coverage 
to most non-Intel processors* 




If you own or are considering buying 
an Intellec* Microcomputer Devel- 
System, then you need 
powerful relocatable macro 
assemblers and in-circuit 



emtflfti 

The vers 
assemb! 
opment p 



for complete support. 

a, diskette-based 
an speed up the devel- 
ss and reduce your 
costs— virtually overnight. 

Add Spice? RELMS' in-circuit 
emulators, and you've got the fastest 
and most productive development 
and debugging tools available today. 

Combined with an Intellec system, 
these tools offer you unmatched 
"universal" development capability 
while minimizing your capital 
outlays. And comi 
soon is additional 
higher level 
language 
support. 



Compatibility is the key to 
engineering productivity. 

RELMS assemblers and emulators 
are completely compatible with all 
Intel development systems— Intellec 
800, 888, Series II and Series I li- 
as well as all manufacturer's 
language syntax (Zilog, Mostek, 
Fairchild, Rockwell and Motorola), 
and produce an ISIS-II compatible 
output. 

Capitalize on your experience curve. 

There's no need to re-learn new 
assembler directives. The RELMS 
cross-assemblers utilize the best 
features of Intel's 8080/85 
assembler, thus assuring systems 
compatibility. 






You get comprehensive 
support by combining an 
intellec system with 
RELMS relocatable macro 
cross-assemblers and 
Spice in-circuit emulators. 



In-depth support. Today 
and tomorrow. 

RELMS is committed to supporting 
all 8 and 16-bit microprocessors not 
supported by Intel with total support 
packages that include complete 
documentation, free updates, and 
full one-year maintenance* 

Versatility, efficiency 
and speed. 

RELMS cross-assemblers now 
feature: 

□ Macros 

□ Relocation capability 

□ Conditional assembly 

□ Logical and arithmetic 
expression analysis 
Cross reference capability 
□ Up to 2,000 LPM assembly 
capability 

Order now. 

Best of all, RELMS cross-assemblers 

information, clip the coupon or write: 
RELMS, 1180 MiralomaWay, 
Sunnyvale, CA 94086. 
Telephone (408) 732-5520. 




RELMS 
ASSEMBLERS 

□ Z80 . . . 

□ 6800 . . . 

□ 6805 . . . 

□ 6809 . . . 

□ F8 . . . 
C 6500 . . . 

□ 1802 . . . 

□ Z8000 

□ Z8 

□ 68000" • 

□ NCS800 

□ 9900*' 



RELMS . . . 

□ Please rush me more information on 
your assemblers. 

□ Your incredibly powerful in-circuit 
emulators, Spice, sound fantastic, too. 
Send me complete data. 

□ I'm interested in other high perform- 
ance development tools for my appli- 
cation, which is: 



My Intellec model # is: 

I plan to develop the following 
microprocessors: 



Name 

Company_ 
Address_ 

City 

Phone ( 



-Title. 



.State. 



.Zip. 



•Extended maintenance contracts available. 
Intellec is a registered trademark of Intel Corporation. 
SPICE" is a registered trademark of 
Relational Memory Systems, Inc. 
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Relational Memory Systems, Inc. 
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Editorial 



Should the IEEE give its president 

The IEEE president a hired hand? That's 
what might happen if a resolution approved 
at the Professional Activities Committee 
conference in July gets the green light. In fact, 
the PAC conference felt that the IEEE vice 
president for professional activities and 
possibly several other executive offices should 
also be paid positions. 

The reasoning behind the idea is simple 
enough. PAC members would like to see 
working engineers (as opposed to corporate 
executives and academics on sabbatical) get 
some of the top Institute jobs. They figured 
that the present setup makes this possibility 
extremely remote, since anyone depending on 
a regular salary can't very easily get a year 
off with pay to do "volunteer" work for the 
IEEE. And its a fair assessment that the jobs 
of IEEE president and vice president for 
professional activities can't very well be done 
on a part-time basis. 

The only problem is that few (if any) 
working engineers are waiting eagerly in the 
wings, ready to champion the professional 
health of their fellows if only they could feed 
their families at the same time. This year, 
every national office on the IEEE annual 
election ballot is being sought by one hand- 
picked candidate nominated by the Board of 
Directors. There are no constitutional 
amendments of any kind and no petition 
candidates. The flap that erupted last year 



paycheck? 

over the president-elect amendment has been 
effectively quashed. The Board of Directors 
enjoys more influence than ever before over 
the election process, and outsiders now face 
an enormous obstacle just getting noticed— 
let alone elected. Apathy is at an all-time high. 

In other words, unless the Institute 
membership starts signing petitions, voting in 
elections, and taking a more active interest 
in the IEEE, there is little reason to subsidize 
the present crop of high-ranking "volunteers" 
with a paycheck derived from members' dues. 
If the time ever comes that a cross section of 
IEEE officers and candidates is a tr; 
reflection of the larger engineering 
community, there will be ample opportunity 
to consider the sacrifices made by those with 
interrupted employment. 

Right now the IEEE would be best advised 
to save its money. As IEEE president Richard 
W. Damon says in The Institute, September 
1981: "By the time an engineer has put in the 
number of years of service to IEEE required 
to be elected president, his employers have 
come to appreciate and support his 
participation in a prof essional society." 

That, of course is exactly the problem the 
PACs should be dealing with. The IEEE will 
never be effective on behalf of its members' 
best interests so long as top Institute positions 
are simply high-status plums for rewarding 
service and recognizing seniority. 
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When you Ve looking 
in memory design, there? 



Back in 1969, when we introduced the 
world's first integrated 64-bit RAM, we 
literally started the whole revolution 
in memory design. 

And we've stayed way out in front 
ever since. Because of all the com- 
panies in this business, we're the only 
one with the common sense to drive 
the design process in a full circle. From 
memory systems to microprocessors 
right on up to the next generation of 
memories, we just keep raising the 
level of technology higher and higher 
every step of the way. 

It's that simple. Because we're the 
only company in the entire VLSI 
industry that designs a complete, state- 
of-the-art line of both memories and 
microprocessors. 

What it amounts to is a definite 
feedback loop between our memory 
and microprocessor divisions. And you 
get all the benefits from it. Like easy 
upgrades. And faster design cycles. 

You know the way it works: we 



introduce a new memory, and it drives 
the technology forward. Our micro- 
processor people take advantage of 
this new technology. And use it to 
design new architecture. Which comes 
full cycle and drives our memory 
design group, who take the technology 
even farther forward. 

Of course, it really amounts to mo- 
mentum. And nobody else in the entire 
industry has the momentum we do. 

Or the track record. We brought 
you the first MOS static RAM. The first 
integrated dynamic RAM. The first 
EPROM. The first 16K E 2 PROM.The 
first 1 megabit bubble. In fact, of the 
31 breakthroughs in VLSI over the last 
decade, we delivered 24 of them first. 

When you get right down to it, 
nobody else has the breadth we do, 
either. Our competitors might make 
memories for a few applications, but 
only Intel covers the entire scope of 
microprocessor-based products and 
gives you memories for every impor- 



tant system application. Commercial 
and military. Complete with develop- 
ment tools and applications support. 

And since we plan to keep coming 
around full circle this way for years, 
we've invested an enormous percent- 
age of our profits right back into our 
design and production capability. So 
we can deliver all the memory product 
you need. Right when you need it. 

That's the broad picture. Now we'd 
like to show you product by product, 
how we're right on the leading edge of 
memory development. 
RAMs 

Ever since we introduced the first static 
and dynamic RAMs, we've gone on to 
develop just about every major break- 
through in this area to date. We're 
leading the way with redundancy tech- 
niques for high density 1 6K static and 
64K dynamic RAMs. And with our new 
Series 800 family of RAMs, which we've 
designed to maximize effectiveness 
in specific microprocessor applications. 




for a real breakthrough 
only one sensible way to go. 



PROMs 

Because of our process technology, 
we've always led the way in faster 
denser PROMs, in MOS and bipolar. 

In bipolar, we've developed a new 
process that gives our 1 6K PROM a 
35ns access time. For its density, it's 
the fastest PROM available today. And 
with our new 32K, we'll take speed and 
density even further. 

We're way out front with EPROMs, 
too. Because we invented them in the 
first place. And we've been upgrading 
them ever since. By giving you the first 
5V only device. By establishing a com- 
plete byte-wide family. 

And with our 16K E 2 PROM, we 
were the first to bring you in-circuit byte- 
erasability. And open whole new areas 
of design flexibility for you. 
BUBBLES 

We were the first to recognize the need 
for a complete VLSI system approach 
to bubble storage memories, and made 
ourselves the key driving force behind 



their acceptance, by producing the 
support circuitry which makes the total 
bubble solution easy to implement. 

We're already producing bubbles 
in volume, with the yields supporting 
the long-term price guarantees we 
announced in 1980. 

We've also introduced the Plug-a- 
Bubble™ System, which makes repro- 
gramming in the field as easy as 
changing a cassette. And the iSBC™ 
bubble board, which gives you up to 
51 2K bytes of memory and a Multibus™ 
interface on a single card. Of course, 
our bubble products are following the 
price guarantees we set last year too. 
SYSTEMS 

Our innovations show up just as often 
at the board level and system level. 
Where we're constantly improving the 
cost/performance per bit in add-in and 
add-on memory systems and off-the- 
shelf standard OEM memory systems. 

Just as one example, our Series 90 
standard memory system is now avail- 



able with the iQX intelligent controller 
which brings new levels of reliability 
and maintainability to memory systems. 
MEMORY SOLUTIONS 

We've put together a new 64-page 
booklet that covers all our memories. 
It's called Memory Solutions. And we'd 
like you to have a copy. So get in touch 
with your local distributor or Intel sales 
office. Or write Intel Corporation, 3065 
Bowers Avenue, Santa Clara, CA 
95051 . Or call us at [408) 987-8080. 

It could be the most sensible thing 
you ever do. 



Europe: Intel International, Brussels. Belgium. 
Japan: Intel Japan. Tokyo United States and Canadian 
distributors: Alliance. AlmacStroum. Arrow Electronics. 
Avnet Electronics. Component Specialties, Hamilton. Avnet. 
Hamilton/Electro Sales. Harvey. Industrial Components. 
Pioneer. L. A Varah. Wyle Distribution Group. Zentronics 



delivers 
solutions 




Now, HP has two more ways to cut 
digital troubleshooting costs. 




The Signature Multimeter. 

Before signature analysis (S.A.) trouble- 
shooting microprocessor boards was tedious, 
time-consuming and costly. S.A. changed this 
by giving each complex bit stream its own unique 
hexadecimal signature, enabling technicians 
with minimum training to identify faulty nodes. 

Now, the HP 5005A Signature Multimeter goes 
the next step by combining a high speed signature 
analyzer with a DMM, frequency/time interval 
counter and logic probe in one compact, light- 
weight package. This versatile combination adds 
a new level of convenience, making it easier 
than ever to track down faulty components in 
both service and production environments. 

The 5005A Signature Multimeter offers features 
new to S.A.: preset logic thresholds for TTL, 
ECL and CMOS; variable thresholds (± 12.5V); 
a clock-qualified Signature Analysis mode; and 
a 20 MHz clock rate coupled with a 10ns set-up 
time for high speed logic. It only weighs 8 lbs. 
(3.5 kg.), so it travels anywhere. The price 
is $2500? 



The Microprocessor Exerciser. 

Here's a simple way to take advantage of S.A. 
even if it isn't designed into your product. Just 
insert your product's microprocessor into an 
HP Microprocessor Exerciser, plug the Exerciser 
into the empty microprocessor socket, and use 
the Exerciser's ROM to run test stimulus pro- 
grams. Over 50 self-contained S.A. stimulus 
programs thoroughly exercise the micro- 
processor, buses, ROM, RAM and I/O circuitry. 
Easily monitor the resulting signatures at your 
product's test points with HP 5004A or 5005A 
Signature Analyzers. 

Prices: the new 5001C (for 8085A), $900*; 
the new 5001D (for Z80), $1075*; the 5001A (for 
6800), $900* 

For more information, call the HP regional 
office nearest you: 

East (201) 265-5000, West (213) 970-7500, 
Midwest (312) 255-9800, South (404) 955-1500, 
Canada (416) 678-9430, or write to 
Hewlett-Packard Co., 

1820 Embarcadero Road, Palo Alto, CA 94303. 



•Prices domestic U.S. only. 
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Letters 



Trespassing signals 
make great gift 

Regarding unauthorized recep- 
tion of subscription TV or any 
other signal: It is obvious that I 
cannot intercept such a signal 
unless it impinges on my proper- 
ty. Either the signal belongs to the 
originator or it does not. If it does 
not, then the originator has no 
complaint coming if I do intercept 
it, and no complaint if I do 
anything at all further with it. 

If the originator does complain, 
he evidently believes that the 
signal belongs to him. But then, 
his signal has impinged on my 
property without my permission. 
The signal then must be con- 
sidered either a trespass or an 
unsolicited gift. 

If a trespass, then the signal 
originator will be responsible for 
removing his signal from my 
property, something that he 
would be most unwilling to do: As 
a trespasser, he presumably is 
responsible for any damage that 
his signal might cause. At pres- 
ent, interaction is apparent 
between the brain and low-level 
rf signals, but just what this in- 
teraction is, has not been de- 
termined. The originator would 
have to prove that his signals do 
no harm. 

This leaves the only possible 
interpretation: The signal is an 
unsolicited gift, in which case I 
have a perfect right to intercept 
and use the signal. If I have a right 
to intercept and use the signal, 
then by logical extension I have 
the right to purchase equipment 
to do this. In addition, a supplier 
has a right to sell me this equip- 
ment, since it is not harmful in 



itself (and is, in fact, the same 
equipment that the signal origi- 
nator wants me to pay to use). 
And some manufacturer has the 
right, so long as he does not 
violate patent and trade-secret 
laws, to make such equipment for 
the supplier. 

Which leaves the irate signal 
originator with both feet firmly 
planted in the ether. 

Yale Jay Lubkin 

Director of Engineering 

Ben Franklin Industries, Ltd. 

Casey Creek, KY 42723 



Pascal standard 
getting closer 

I was saddened to see Max 
Schindler's report (ELECTRONIC 
Design, May 28, 1981, p. 38) on 
our Pascal session at NCC. It 
seems to me that the report was 
biased by Mr. Schindler's views 
about Ada, and was not close to 
objective about Pascal. The state- 
ment by J. A.N. Lee about the time 
frame for ANSI standards was 
general, and will not apply to the 
Pascal effort. Telling the public 
that the Pascal standard is "years 
away" was apparently motivated 
by your belief that Ada should 
simply replace Pascal. 

You neglect the fact that no 
standard for Ada exists, and that 
it will take years to obtain one. 
You discount completely the 
economic reality of hundreds of 
millions of dollars' worth of exist- 
ing Pascal code — a reality that 
more than justifies the efforts to 
standardize Pascal, and some rea- 
sonable extensions to it. 

I believe that the Pascal stan- 
(continued on page 16) 



Electronic Design welcomes the opinions of its readers on the issues raised 
in the magazine's editorial columns. Address letters to Editor, Electronic 
Design, 50 Essex St., Rochelle Park, NJ 07662. Try to keep letters under 200 
words. Letters must be signed. Names will be withheld upon request. 




Discard 
800 
MHz 
prob- 
lems! 



Just draw one of our 45 
MHz monolithic filters and 
match it with your 800 MHz 
receiver for winning 
performance and economy. 
What a pair! Two-pole and 
four-pole models offer 60dB 
attenuation. Models 2843A, 
2844Aand 4371 Fare now 
available in production 
quantities. No matter how 
tough your communications 
requirements, PTI has them 
pegged. Write or call for 
detailed data sheets. 
The standard in monolithic 
crystal filters. 

EXCELLENCE 
ACROSS THE BOARD 




Piezo Technology Inc. 

2525 Shader Rd., Orlando, FL 32804 
(305) 298-2000 
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When reliability is imperative. 




Where conditions demand the ultimate in power supply 
dependability, Abbott has been the outstanding choice 
for over 20 years. The "V" Models (60 Hz to DC) offer 
you this proven reliability plus many important features 
that make them ideal for exacting military applications 
where MIL-STD-810C performance is called for. 

ENVIRONMENTALLY PROTECTED. Hermetically 
sealed and encapsulated to meet the severe environ- 
ments of humidity, salt spray, sand, dust, etc. 
SHOCK RESISTANT. Encapsulation protects unit from 
shock and vibration. Case is strong, copper-plated steel. 
LOW EMI/RFI. Exceptionally low noise, these units 
meet the EMI and RFI requirements of most systems. 
WIDE RANGE. 140 standard "V" Models are available 
with outputs from 5 VDC to 59 VDC and 5 to 240 watts. 
ENGINEERING SUPPORT. Abbott factory-direct sales- 
men are electrical engineers and provide professional 
help in solving your particular power source problems. 
In addition, our application engineers are experienced 
electronic system designers. This team is available to 
assist you in making the proper power supply selection. 
SERVICE AFTER SALE. Abbott service does not end 
with delivery. Our application and customer service 
engineers make sure our products function success- 
fully in your application. Another good reason to 
specify Abbott. Abbott Transistor Laboratories, Inc., 
Power Supply Div., Western Office: 5200 W. Jefferson 
Blvd., Los Angeles, CA 90016. 213/936-8185. Eastern 
Office: 1224 Anderson Ave., Fort Lee, NJ 07024. 
201/224-6900. 

SEND FOR NEW FULL LINE CATALOG. 
1,355 MODELS 




69,700 HRS. MTBF. 

IN NAVAL SHELTERED ENVIRONMENT 

Calculated according to MIL HDBK217C at50°C. 
Each Abbott Power Supply undergoes no less than 41 
inspections and tests including critical testing of all 
incoming materials and components per MIL-STD-105D, 
exhaustive mechanical and electrical testing, and a 
severe hermetic seal pressure immersion test. Our 
workmanship standards and quality assurance program 
have qualified Abbott for many applications requiring 
MIL-STD-454. 



abbott 



MILITARY POWER SUPPLIES 
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International Microelectronics 
Symposium (ISHM '81), Oct. 
12-14. Palmer House, Chicago, IL. 
ISHM P.O. Box 3255, Mont- 
gomery, AL 36109. 

6th Conference on Local Com- 
puter Networks, Oct. 12-14. 
Hilton Inn, Minneapolis, MN. 
IEEE. IEEE, 345 E. 47 St., New 
York, NY 10017. 

14th Workshop on Micropro- 
gramming, Oct. 12-15. Chatham 
Bars Inn, Chatham, MA. 

Information Management Ex- 
position & Conference, Oct. 
12-15. Coliseum, New York, NY. 
Clapp & Poliak, 245 Park Ave., 
New York, NY 10167. 

Semicon/Southwest, Oct. 13-15. 

Market Hall, Dallas, TX. 
Mathews & Clark, 410 Cambridge 
Ave., Palo Alto, CA 94306. 

Antenna Measurement Tech- 
niques Symposium, Oct. 13-15. 

King's Grant Inn, Dan vers, MA. 
Sam Davis, Scientific-Atlanta, 
3845 Pleasantdale Rd., Atlanta, 
GA 30340. 

International Telemetering 
Conference, Oct. 13-15. Bahia 
Motor Hotel, San Diego, CA. 
ITC/USA/'81, 21031 Ventura 
Blvd. Suite 1001, Woodland Hills, 
CA 91364. 

Ultrasonics Symposium, Oct. 
14-16. McCormick Inn, Chicago, 
IL. IEEE. 

Northeast Computer Show & 
Office Equipment Exposition, 
Oct. 15-18. Hynes Auditorium, 
Boston, MA. National Computer 
Shows, 824 Boylston St., Chestnut 
Hill, MA 02167. 

International Symposium for 
Testing and Failure Analysis, 
Oct. 19-20. Marriott Hotel, Los 
Angeles, CA. ISTFA, P.O. 
Box 742, Lawndale, CA 90260. 

Autotestcon, Oct. 19-21. Orlando 
Hyatt House, Orlando, FL. IEEE. 



Electrical/Electronics Insula- 
tion Conference, Oct. 19-22. 

O'Hare Exposition Center, Rose- 
mont, IL. IEEE. 

Coil Winding '81, Oct. 19-22. 

Hyatt Regency Hotel, Chicago, 
IL. ICWA, Inc., Box 159, Liberty- 
ville, IL 60048. 

Wintek Microprocessor Work- 
shop, Oct. 19-23. Sheraton Inn, 
Lafayette, IN. Wintek Corp., 1801 
South St., Lafayette, IN 47904. 

Combat Systems Symposium, 
Oct. 21-22. U.S. Naval Academy, 
Annapolis, MD. American Socie- 
ty of Naval Engineers, 1012 14 St., 
N.W., Washington, DC 20005. 

IEEE Careers Conference, Oct. 
22-23. Stouffer's Inn, Denver, CO. 
IEEE. 

Conference on Electrical Insula- 
tion and Dielectric Phenomena, 
Oct. 25-28. Pocono Hershey Re- 
sort, Whitehaven, PA. IEEE. 

AIAA Computers in Aerospace 
Conference, Oct. 26-28. Sheraton 
Harbor Hotel, San Diego, CA. 
Phyllis Rye, C.S. Draper Lab, 
P.O. Box 1541, Downey, CA 92041. 

5th International Printed Cir- 
cuits Conference/Exhibition, 
Oct. 26-28. Los Angeles Conven- 
tion Center, Los Angeles, CA. 
Elaine Bull, PC '81 West, 1050 
Commonwealth Ave., Boston, MA 
02215. 

Gallium Arsenide IC Sym- 
posium, Oct. 27-29. Town & 
Country Hotel, San Diego, CA. 
IEEE. 

Cherry Hill International Test 
Conference, Oct. 27-29. Franklin 
Plaza Hotel, Philadelphia, PA. 
IEEE. 




IN ANY 
ENVIRONMENT! 

The totally enclosed rugged con- 
struction of Janco Rotary Switches 
affords maximum protection 
against adverse conditions such 
as explosion, high altitude, sand, 
dust, fungus, heat, humidity, cor- 
rosion, and plain ordinary abuse. 

Janco manufactures a complete 
line of miniature, micro-miniature, 
push-button, thumbwheel, printed 
circuit and solenoid operated ro- 
tary switches. Only the best ma- 
terials are used and all manufactur- 
ing is performed in our own plant. 

Janco has been solving tough 
switching problems for high per- 
formance military aircraft and aero- 
space vehicles since 1947. Yes, 
Janco Rotary Switches are really 
tough, yet installation and servic- 
ing is so simple. 

Get tough . . . call Janco! 

CORPORATION 

3111 Winona Avenue 
Burbank, California 91504 
(213) 846-1800 • TWX 910-498-2701 
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STD BUS '6809' 

The newest in Datricon's family of low-cost 4th engines. 

MEMORY capacity to 40k bytes, RS232/RS422 SERIAL PORT 
and the powerful 6809 CPU, all on one 4.5 x 6.5 inch 
STD Bus Card 




295P-0 in one's 
OEM pricing available 

These Specifications Tell You More! 

Every way you look at it, this powerful STD Bus Processor uses Industry- 
wide Standards. 

STD Bus interface (both STD-Z80 and STD-6800 compatible) offers 
unprecedented user support with Analog, Power Input/Output, 
Disk and advanced communications protocols. 

SERIAL PORT supports RS232C or RS422 with full modem controls 
including software baud rate, from 50 to 19.2Kbaud. User 
selectable standard since RCVR/DRVR's are factory installed. 

BYTE-WIDE MEMORY concept permits the use of 20 currently avail- 
able memory devices from 2k x 8, 4k x 8, and 8k x 8 RAM, 
ROM and EPROM. 

QUALITY AND RELIABILITY 

Backed by Datricon's standard one year parts and labor warranty, 200 hour 
burn-in and extensive factory testing, our customers are assured of receiving 
high quality product. 

D-FORTH SOFTWARE 

Datricon's popular D-FORTH software available on the Series 12 and 14 is 
also available on the Series 09. Optimized for control systems, D-FORTH is 
high-level and interactive, it is especially useful in interactive control applica- 
tions such as testing and process monitor/control. Efficient memory utiliza- 
tion and rapid execution provide exceptional Return On Investment. 

Contact Datricon's nationwide staff of highly qualified sales representatives 
or the factory for information. 



Hatrictm 

CORPORATION 

QUALITY WITHOUT COMPROMISE 



503 - 284-8277 



7911 IME 33RD Drive 
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Portland, Or 97211 



Letters 



(continued from page 13) 
dardization effort deserves bet- 
ter, more objective coverage. This 
standard has broken all records 
for timeliness, and is an un- 
precedented, parallel worldwide 
effort. 

Bruce W. Ravenel 

Co-Chairman 
Joint ANSI/X3J9-IEEE 
Standards Committee 
Language Resources, Inc. 
4885 Riverbend Rd. 
Boulder, CO 80301 



Mr. Schindler replies 

Electronic Design has re- 
peatedly supported language 
standards; for a small company 
like Language Resources to ex- 
pend a substantial fraction of its 
efforts on a standards committee 
deserves the highest praise. 
Nevertheless, the report's quotes 
were accurate. Mr. Ravenel's 
statement that the standard will 
be complete "within two years" 
does include the possibility of 
completion even this year, which 
would put the headline in error. 
So much the better. 

But the fact remains that both 
Pascal's originator, Niklaus 
Wirth, and its apostle in the U.S., 
Ken Bowles, are no longer ad- 
vocating Pascal for system de- 
sign, precisely because of the 
enumerated limitations of the 
Pascal draft standard. Ada is far 
from perfect, and ELECTRONIC 
DESIGN has urged DOD in an 
editorial to define a kernel quick- 
ly (Electronic Design, July 23, 
1981, p. 9). However, as long as 
DOD stands behind Ada, stan- 
dardization is the language's least 
problem. 

Whether an extended-Pascal 
standard remains elusive or Ada 
proves unteachable, -the loser is 
the potential user— ELECTRONIC 
Design's reader. He will also be 
the judge of which language 
serves the industry better. 
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Finally... A 





That Gives You.. 




Accuracy 
Reliability 
Low Price: 




D/A CONVERTER 



f 1 1 J M M BNUWN 



1=1=1 



DAC63BG 




WWW 1 



• 12-bit Resolution/Accuracy 

• 35nsec Settling Time 

• ±0.012% FSR Linearity Error 

(max over -25°C to +85°C) 

• ±30ppm/°C max Gain Drift 

• ECL-Compatible Inputs 

• Low Glitch Energy 

Spec for spec comparison quickly 
proves that our new ultra-fast DAC63 
top performance in key 
ters. It's a new family of high 
highly integrated products from 
Brown. 

Youll discover that this EC In- 
compatible converter provides many 




complete functions that simplify 
systems application: adjustable logic 
threshold temperature compensation 
pin; internally by-passed supply lines 
to minimize settling time; an internal 
feedback resistor (for use with an 
external op amp) that produces 
excellent thermal tracking and lower 
drift. 

Youll like DAC63's compact, high 
reliability design which uses very few 
chips. A 12-bit switch chip and a 
stable thin-film-on-sapphire resistor 
network enhance speed and high 
stability over time and temperature. 




You can even operate DAC63 to +100°C 
with slightly higher drift 

A 96-hour burn-in, and 100% test 
over temperature insures specified 
performance. DAC63 is housed in a 
24-pin ceramic, bottom brazed DIP. 
Watch for a hermetically sealed, full 
military temperature range version 
coming very soon. 

Learn how high speed ECL logic can 
help you - even in lower frequency 
applications: request Application Note 
AN105. For DAC63 specs call your 
nearest sales office. 



BURR -BROWN 




Putting Technology 
To Work For You 



JSTRIA - Wien, 0222/62 63 71 - BENELUX - Schiphol. .020^ 470590 - FRANCE - l_e Chesnay, 954-3558 - GERMANY - Hauptniederlassung Filderstadt. 071 1/70 10 25; 
Bremen, 0421/25 39 31; Dusseldorf. 02154/8445; Miinchen, 089/61 7737 - JAPAN - Osaka, < 06 1 305-3287; Tokyo, .03 586-8141 
SWITZERLAND - Riischlikon, 01/724 0928 - UNITED KINGDOM - Watford. <0923 33837 
Other areas contact: BURR-BROWN, Box 11400, Tucson. Arizona 85734 U.S.A. Tel: i602 746-1111 
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Get All The Facts! 



The ONLY Complete Up-To-Date Electronics Specifying/Buying Guide 



A VALUABLE PRODUCT DIRECTORY with over 6,200 product categories including cross- 
references. For each product, manufacturers are listed with complete address and phone 
number (a GOLD BOOK exclusive). 

A USEFUL TRADE NAME DIRECTORY with more than 9,500 listings. If you know the 
product only by its trade name, check this Trade Name Directory to find the generic type 
of product it represents and the name of the company owning the trade name. 



A MANUFACTURERS DIRECTORY with more than 10,000 companies in the electronics 
industry. . . including names, addresses, phone numbers and, where available: names and 
titles of key official; numbers of engineers and employees; annual revenue of each manufac- 
turer; TWX and Telex numbers; facsimile equipment; cable address; sales offices; represen- 
tatives and distributors in US and other countries. 



Fast! 



TWO DISTRIBUTORS DIRECTORIES with more than 1,600 
distributors listed with addresses and phones in an Alphabetical 
Directory and, where available, other vital data. The Geographic 
Directory lists names, addresses and phones. 




A GIANT COMPENDIUM OF MANUFACTURERS 
DATA PAGES with specifications. Data pages are 
classified by related product families in 
46 product categories. 






Why struggle to locate 
and qualify vendor sources 
when GOLD BOOK has 
all the answers? 





ElecfronicDesigns 




LateNews 



Uncommitted logic arrays use CMOS 

A set of CMOS uncommitted logic arrays with up to 2014 cells (each cell containing two 
p-type and two n-type transistors), allowing users to define logic functions by customizing 
the interconnections, has been developed by General Instrument Corp. (Hicksville, NY). The 
CMOS arrays typically dissipate 1 jtW/MHz/gate; typical gate delays are 5 ns. GI will offer 
four ULA chips, with capacities of 560, 960, 1440, and 2014 cells, and 40, 52, 64, and 76 I/O 
lines, maximum. 



Intel codec/filter chip know-how goes to Tl 

Texas Instruments expects to receive from Intel the masks and other pertinent data for 
the new 2913/14 single-chip NMOS codec/filter with built-in reference (ELECTRONIC DESIGN, 
Sept. 17, 1981, p. 228). This agreement gives TI more information than an earlier pact involving 
the 2910 codec: then, TI received some basic design information, which made it difficult to 
bring the part to market. The 2913 is a 20-pin synchronously clocked version; the 2914 an 
asynchronous version in a 24-pin DIP. In addition, the combo chips are pin-selectable to conform 
to both the n-\aw and A-law specifications. 



Multiprocessor challenges PDP-11/45 on multiuser turf . . . 

A multiprocessor system with performance specifications that rival those of the PDP-11/45 
for large multiuser environments and is based on the Unix operating system has been developed 
by Plexus Computers, Inc. (Santa Clara, CA). The P40, which is the company's first product, 
uses the Z8000 processor and has a main-memory capacity range of 256 kbytes to 4 Mbytes 
and C language capability. The company plans to add Basic and Cobol languages at a later 
date to its lineup of software features. 

. . . while another system competes with PDP-1 1/34 and /44 

A 68000-based computer system with a Unix-like operating system and advanced file 
management and performance specification that compare with those of the PDP-11/ 34 and 
/44 is intended for generalized data processing. The Universe 80, from Charles River Data 
Systems, Inc., (Natick, MA), features the Unos operating system, a 68000-based architecture, 
and a direct memory addressing capability of up to 16 Mbytes. The company will sell the 
software to OEM accounts and license the hardware to interested parties. 



Intel, Motorola add to CMOS and HMOS 8-bit microcomputers 

In an apparent effort to attract designers to their single-chip microcomputers, Intel and 
Motorola are expanding their 8-bit families in both CMOS and HMOS. The Chandler, AZ, 
division of Intel and the Austin, TX, operation of Motorola are targeting very-low-end NMOS 
units to compete with the high-end 4-bit chips, as well as higher-performance versions. Coming 
from Intel in 1982 is the i8020H, a 20-pin microcomputer with 1 kbyte of ROM, 64 bytes 
of RAM, 13 I/O lines, and a price tag of less than $2. Also on the way is an HMOS upgrade 
of the 8021, the 8021H, which can use an external crystal as well as the passive resistor or 
inductor of the older version, and has a lower supply current of just 30 mA typically. At 
the high end, Intel has unveiled specifications for its CHMOS 80C49 version of the 8049 
microcomputer. Expected to consume just 15 mA when run at 11 MHz, the 80C49 has an 
idle mode that draws just 500 nA, and a 10-mA power-down mode. Additional microcomputers 
from Intel include an upgrade of the EPROM-based 8049/8747 family in HMOS II, which 
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will provide 11-MHz versions, as well as reduced chip size and thus lower final cost. 

Coming from Motorola on the low end will be a highly cost-effective microcomputer, the 
MC6804, which is derived from the existing 6805 family. In addition, Motorola has unveiled 
several new versions of the 6805. For communications and control applications, there is the 
6805T2, a microcomputer with built-in phase-locked loop logic as well as 2.5 kbytes of ROM 
and 64 bytes of RAM. The MC68705U3, an EPROM-based chip, has 3776 bytes of EPROM, 
112 bytes of RAM, a counter-timer and 24 I/O lines. 



RAMs, micros, FETs, and CPU boards improve at Motorola 

Improved 64-kbit dynamic RAMs, 16-bit microprocessors, power FETs, band CPU boards 
are on the way from Motorola (Austin, TX, and Phoenix, AZ). For starters, second-generation 
64-k dynamic RAMs, the MCM6664A and MCM6665A, offer a guaranted soft-error performance 
of 0. 1% per 1000 hours, reduced row-access time, lower input capacitance, wider operating 
margins, and higher tolerance to V cc slewing than their predecessors. They come in versions 
with access time ranging from 120 to 200 ns. In addition, there is a 12-MHz version of the 
MC68000 16-bit microprocessor. 

Meanwhile, several 1000-V, n-channel power FETs, including one that can handle up to 
15 A of continuous current, are coming right on the heels of a first of its kind— a FET-based 
asymmetrical SCR. The MCR-1000-8 offers submicrosecond switching times and a current 
capability of up to 15 A rms at a 600-V blocking capability. Also unveiled: TMOS p-channel 
power FETs that can handle up to 500 V at 2 A. 

Over in microsystem products, another 16-bit CPU board is on the way: The VM-02 offers 
a local-bus extension that permits the user to add off -board resources such as a-d converters, 
I/O, real-time clocks, and other support functions. Local memory is available with up to 128 
kbytes of dynamic RAM and 64 kbytes of EPROM/ROM. 



High-density Winchester is SMD-transparent 

An 83-Mbyte, 8-in. Winchester-disk drive using a high-resolution recording head and GCR 
recording techniques has a recording density of 11,500 bits/in. and a track density of 600 
tracks/in. Now available from SLI industries (Woodland Hills, CA), the latest extension of 
the company's Cheyenne lineup of Winchester drives combines high bit density with a dedicated 
track-following surface to be transparent to an SMD interface. 



iAPX-86 gathers military strength 

The licensing by the U.S. Air Force of the instruction set and architecture of its iAPX-86 
microprocessor has taken Intel Corp. (Santa Clara, CA) a step closer to military standardization 
of its 16-bit microprocessor. Also, Intel expects JAN certification of the processor shortly, 
for companies designing it into equipment for the military. For high-density requirements, 
users will most likely see the iAPX-86 in a leadless chip carrier in 1982. For programming, 
an Ada compiler will be available next year for both the iAPX-86 and the iAPX-432. 



Tl sees first silicon for 99000 processor 

The first TMS99000 series 16-bit microprocessor has come out of Texas Instruments' ovens 
and is undergoing characterization at the company's Houston, TX facility. Containing about 
45,000 devices, the chip is fabricated using 3-nm lithography and is considerably smaller than 
the mature TMS9900 16-bit processor. Samples are expected to be available in early 1982. 



64 I/O Stations Per Host 
Computer 

192 I/O Points Per Station 
Simple Twisted Pair Communica- 
tion ToThe Host and Station-to- 
Station 

Digital and Analog I/O Modules 
Efficient Protocol 
Versatile Command Set 
Watchdog Timer 
Latched Inputs and Time Deli 
Extensive Communication 
Attachments 

Isn't it what you expected from 
Opto 22? 




15461 Springdale St 
Huntington Beach, 

CA 92649 
(714) 891-5861 
(800) 854-8851 
Telex: 692386 



Modules per station range from 
96 digital power I/O plus 48 
analog to digital plus 8 digital 
to analog or up to 192 digital 
power I/O. 



Distributed by Hamill 
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Now you can design an integrated circuit. 
Let Exar show you how Semi-Custom works. 
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Exar's Semi-Custom program lets you create custom 
integrated circuits for your products. At a fraction of the cost 
of full custom. In just a few short weeks. 

Bipolar, I 2 L and CMOS Master-Chips " 

Our partially-fabricated linear or digital Master-Chips have 
the components you need already in place, but uncommitted. 
You design the final interconnections to fit your requirements. 

We supply a Design Kit, a comprehensive Design 
Manual, layout worksheets for the interconnection mask, 
and the people to show you how easy it is— even if you've 
never designed an integrated circuit. 





Working from your layout, we etch the Master-Chip's 
final layers and fabricate your semi-custom ICs in any 
volume you need. 

Your ICs are produced in-house under our stringent 
quality controls. Each one is 100% tested. 

Cut your product costs. 

Replacing discrete components with semi-custom ICs reduces 
your board size, your component inventory, and your labor 
costs. And you design a proprietary product your competitors 
can't copy. 

Go to full custom later. 

As your product matures and volume increases, we can 
convert your semi-custom chip to a full-custom IC, reducing 
chip size, saving money, and often providing added 
performance. 

Add our design talent to yours. 

Our IC expertise is yours for the asking. Let us help you get 
to market faster with the most competitive product possible. 
We have representatives in all major U.S. cities to assist you. 
Call us today. 

Learn more about 
Semi-Custom. 

^ Q Please send me your 
40-page data book, 
"Semi-Custom IC 
Design Programs!' 

Name 




.Title. 



Company . 
Street 



City/State/Zip_ 
Phone 



My application is: . 



Exar, 750 Palomar Ave., Sunnyvale, CA 94086 

(408) 732-7970 ED9/30/81 



Master-Chip is a trademark of Exar Integrated Systems, Inc. 

S£"EXAR 



For semi-custom, custom or standard integrated circuits . . . Ex3.1T tlciS tllC tlllSWd^ 
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Another new standard from INMOS. 

4/16K Static RAM 

The IMS1420: High Speed. Low Power. Available Now 

The VLSI technology leader in 1 6K static RAMs introduces another 
industry first. Organized 4K x 4, the IMS1420 offers a chip enable 
access time as fast as 45ns. 

Lowers System Cost 

The low entry level price of $45.00 (100's) for the IMS1 420-55 makes 
this new 4K x 4 a viable alternative to 4K x 1 and 1 K x 4 fast static 
RAMs. It matches their speed, saves board space and reduces power 
consumption by at least a factor of four. Trade off your 4K designs 
today and lower your system costs. 

Need Higher Speed? 

The companion IMS1421 delivers even more performance where 
higher speed is a must. With a chip select access time as fast as 30ns, 
the IMS1421 sets a new speed record for 16K memories. 

Naturally, both new RAMs operate from a single + 5V (± 10%) 
supply and are fully TTL compatible. They're packaged in industry 
standard 20-pin, 300-mil dips and also industry standard 20-pin 
chip carriers. 

Application Note Tells You How 

Check your current 4K static RAM designs today. Chances are 
good that one of the new INMOS 4K x 4 RAMS offers a better 
system solution. Call or write for our new application note that 
tells you how to make the switch - and save. 



INMOS 16K STATIC RAMS 


Static RAM 
Family 


Organization 


Max. Access Time 


Max. Power Dissipation 


Chip 
Enable/Select 


Address 


Active 


Standby 


IMS 1420-45 


4K x 4 


45ns 


40ns 


600mW 


110mW 


IMS1 420-55 


4K x 4 


55ns 


50ns 


600mW 


110mW 


IMS1421-40 


4K x 4 


30ns 


40ns 


600mW 


NA 


IMS1421-50 


4K x 4 


40ns 


50ns 


600mW 


NA 


IMS 1400-45 


16K x 1 


45ns 


40ns 


660mW 


1 10mW 


IMS1 400-55 


16Kx 1 


55ns 


50ns 


660mW 


1 10mW 



#5[nimos 



P.O. Box 16000 . Colorado Springs, Colorado 80935 • (303) 630-4000 • TWX 910/920-4904 . 
Burlington. Mass. (617) 273-5150 • Dayton. Ohio (513) 439-0988 • San Jose. Calif. (408) 
298-1786 • Whitefriars • Lewins Mead . Bristol BSI 2NP . England . Phone Bristol 0272 290 861 
. TLX: 444723. 



inmos, 



'and IMS are trademarks of INMOS. 
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B&K-PRECISION is the new 
choice for logic analyzers. 



Announcing a new line of logic analyzers 
ready to face all comparisons. 



The very latest word in logic analysis is 
B&K-PRECISION. Not just another "L- A" 
line, B&K-PRECISION's new instruments 
offer real user advantages. 

Both new analyzers, the LA-1020 and 
LA-1025, are 16 channel, 20MHz 
instruments. In addition to logic analysis, the 
LA-1025 "Digital Systems Analyzer" offers 
the added capability of signature analysis. 
Signatures are displayed in industry-accepted 
coding for modified hexadecimal format. The 
LA-1025 is also capable of recording the 
occurrence of unstable signatures. 

An important feature of both instruments is 
the ability to present data in both state and 
time domain formats. State data is formatted 
in a user selected code . . . binary, octal, 
decimal or hexadecimal and displayed via the 
integral 12-digit LED display. Timing 
diagrams of 16 channels by 16 words can 
be displayed on most oscilloscopes. 

The front panel controls provide 
excellent interactive capability, and 
complete control over a powerful 
measurement system. After 
hearing industry complaints 
of unnecessarily complex 
logic analyzer operation, 
B&K-PRECISION 
engineers devoted a 
considerable amount of 
design time to 
maximizing the 
instruments' ease-of-use 
and efficiency. The results are 
impressive. Not only is set-up time faster 
than on competitive instruments, but the new 
B&K-PRECISION instruments reduce the chance 
of user set-up errors. 

CIRCLE 217 FOR FREE DEMONSTRATION 
CIRCLE 218 FOR ADDITIONAL INFORMATION 




A new trigger system was developed for these 
instruments. An 18-bit pattern recognition trigger is 
used to initiate storage into the 16-bit x 250 word 
system memory. Sixteen qualifiable channels are 
featured, plus two additional qualifiers to aid in 
meeting unique trigger requirements. Convenient 
front panel switches select a logic 1, or "DON'T 
CARE" for all 18 inputs. 

Trigger event and/or clock delays can be rapidly set 
from to 999. The trigger word may be located 
anywhere within the 250 word memory. This 
provides PRE, POST and variable PRE/POST 
trigger recording. 

The LA-1020 and LA-1025 interface to the circuit 
under test through two Model LP-1, TTL 
compatible, probes or LP-2 CMOS probes. Trigger 
capability can be increased to 34 qualifiers by 
adding the optional LP-3 qualifier expander probe. 

An event pulse-output is provided on both 
analyzers, allowing interconnection of two units to 
expand system versatility to 32 channels, 67 
qualifiers, at speeds to 10MHz. 

For details contact B&K-PRECISION 
or your local distributor: 

Austria 0222 56 16 17, Belgium 02-672-8400, Denmark 02-28-38-41, 

Finland 914-12076, France 54-37-09-80, Germany 02-104-31147, 

Greece 36.08.443-6, Holland 040-415547, 

Italy 40-75-845, Norway 034-86-956, Portugal 19-367155, 

Spain 416-84-25, Sweden 08-26-27-20, Switzerland 01-945-13 31, 

United Kingdom 0602-302331. 

For service applications, 
theSA-1010 
Signature Analyzer 
is the time saving choice. 

(Model SA-1010 includes 
a set of user ordered probes, 
additional probes available as 
accessories.) 




International Sales, 6460 W. Cortland Street • Chicago, IL 60635 USA • 312/889-1448 • TELEX: 25-3475 



FOR 



GET ERST RELIEF 
12-BIT ADC HEADACHES. 



FOR PRICE, 

SPEED AND PWT^S 
PERFORMANCE, 
OURAD578 
IS THREE WS 
BETTER. 

We've just solved your 
fast 12-bit ADC prob- 
lem. Until now, you 
had to trade off price, 
speed or performance to 
get a 12-bit analog to digi- 
tal converter you could 
use. With our new AD578, 
you can get all three with- 
out sacrificing a thing. Avail- 
able in three speeds from 
3aiS to 6/j.s, our AD578 costs 
25-40% less than any 12-bit 
ADC in the under 10/u.s range. 
For performance, you get 
short cycle capability, positive 
true parallel and serial data 
outputs, and a precision 
10V reference for external 
plications. 




Our AD578 comes 
"complete," so you can per- 
form full-accuracy conver- 
sions without any external 
components. 

And for your high 
speed applications 
requiring 10-bit 
accuracy, we 
offer our ultra- 
fast 1.8/aS AD579. 
To relieve your 
10- and 12-bit 
ADC headaches 
fast, contact 
Doug Grant or 
Don Travers at 
(617) 935-5565, or 
write Analog Devices, Inc., 
P.O. Box 280, Norwood, MA 
06^ 



AND IT'S 
"COMPLETE." 

Because we've kept the 
prices down, you may think 
we've left something out. 
Think again! 





ANALOG 
DEVICES 



WAYOUT IN FRONT. 



Analog Devices, inc.. Box 280, Norwood, MA 02062; East Coast: (617) 329-4700, Midwest: (312) 653-5000; West Coast: 
(714) 842-1717; Texas: (214) 231-5094; Belgium; 031/37 48 03, Denmark: (02) 84 58 00; England: 01/94 10 46 6; France: 
687-3411 , Germany 089/53 03 19; Japan: 03/26 36 82 6; Netherlands: 076/879 251; Switzerland: 022/315760; and 
representatives around the world. 



News 



Development/test 
system expands, 
speeds testing 

Development system's software 
features aid pattern setup 
in real-time testing. 

Combining a development sys- 
tem with a large semiconductor 
test system provides not only 
more complete test coverage for 
microprocessors but also speeds 
test time considerably. Such a 
hybrid system consists of the 
Model S-3200 semiconductor 
tester and the Model 8550 
Microcomputer Development 
Lab, both from Tektronix (Bea- 
verton, OR). The tester provides 
flexible device characterization 
while the development system 
brings such features as an editor, 
assemblers, real-time recording 
of bus activity, disassemblers, 
and debugging software. 

The assemblers and the editor 
eliminate the need to write pat- 
terns in machine code or to de- 
velop cross-assembler software to 
create patterns. Patterns can be 
written in the mnemonics of the 
device under test (DUT) and con- 
verted to object code by the de- 
velopment system assembler. Ob- 
ject code is executed by the de- 
velopment system's emulator, 
thus resulting in a pattern being 
sent to the S-3200 pin cards as 
force, compare, inhibit, and mask 
data (see Fig.). 

Pattern data are then redefined 
with respect to voltage levels and 
time. The test system varies DUT 
input voltages and timing to 
gather information about the 
device's operating characteristics. 
This information can then be dis- 
played graphically to the test 
engineer. 

Patterns can be easily modified 
or short pattern sequences cre- 



ated quickly. What's more, ex- 
tremely long patterns that ex- 
ecute in real-time can also be 
generated, which will shorten 
functional test time. Pattern data 
are generated in real-time, syn- 
chronously with the tester, thus 
eliminating pattern loads to local 
memory. Ordinarily, when local 
memory is used to hold long pat- 
terns, downloading from the disk 
takes much longer than the actual 
functional test time. 

Improved debugging 

Debugging aids are also re- 
quired when developing large pat- 
terns. With conventional meth- 
ods, it is difficult to determine 
why a DUT does not randomly 
recognize an interrupt. With the 
Tektronix approach, debugging 
software single-steps through the 
pattern while interrogating the 
microprocessor for status at each 
program step. This information 
allows the user to verify data 
within the processor's internal 
registers, program counter, and 
status flags. If desired, the 
processor's registers, flags, or 



program memory can be 
modified. 

While the pattern program is 
single-stepping in a debug mode, 
it is not running in real time. 
Therefore, problems occurring 
only during full-speed operation 
will be difficult to observe. For 
this phase of debugging, bus data 
can be recorded in real time using 
the development system's trigger 
trace analyzer (TTA). Bus data in 
the form of address, op codes, 
operands, and types of memory 
accesses are recorded. When a 
user-defined word, count, time, or 
combination of these events oc- 
curs, the test system will "freeze" 
acquired bus data. This informa- 
tion can then be automatically 
disassembled into mnemonics, 
hexadecimal addresses, and types 
of bus transactions (memory 
read, fetch, write, etc.). 

In addition, the user can probe 
various points to record external 
flags, interrupt lines, and DMA 
requests on the processor. 

During functional testing, the 
tester records bus data and stops 
when a failure occurs. This sup- 



in the Tektronix S-3200/8550 test system, the pattern RAM provides housekeeping 
routines for pattern control, synchronization and error monitoring. 



System CPU 
(PDP-11/34) 



Commands to the MDL\ 
and diagnostic data 
from MDL 



Microcomputer 
Development 
Lab 



Pattern 
RAM 



Control signals to 
emulator (Clock, Clear, 
Interrupt, DMA, etc.) 



PRAM diagnostic 

patterns 
' 
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test pattern 
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plies the user with a record of the 
instructions (mnemonic listing) 
that preceded the DUT failure. 
Also, when a failure occurs, the 
tester can interrupt normal pat- 
tern flow and present diagnostic 
patterns to the DUT. These 
diagnostic patterns record the 
device's program-status register, 
address, general-purpose regis- 
ters, and status flags. The test 
engineer then has a thorough 
diagnosis of the DUT failure, in- 
cluding instructions prior to 
failure, failure data on a pin-by- 
pin basis, and the DUT status 
immediately following failure. 

Tektronix will demonstrate the 
S-3200/8550 at the Cherry Hill 
International Test Conference 
(Philadelphia, PA, Oct. 27-30). 

Jonah McLeod 



Software enhancements 
simplify test programs 
for mC, VLSI boards 

A new version of Lasar test- 
program-generation software 
from Teradyne (Boston, MA) uses 
"top-down" structured program- 
ming methods and four modular 
enhancements to simplify and 
speed up the preparation of func- 
tional test programs, especially 
for microcomputer boards and 
boards with extensive LSI/VLSI 
logic and memory circuits. 

Version 5.3 includes a micro- 
processor assembler module that, 
together with enhancements to 
the Testcom (formerly Teco) 
module, permits the programmer 
to build highly structured test 
plans. This simplifies pattern 
generation for microcomputer 
boards, says Fred Grant, 
Teradyne product manager for 
Lasar software. This module can 
be also used to develop test pat- 
terns that will verify the function- 
ing of devices being designed with 
a microprocessor development 
system. These patterns can, in 
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turn, be used by test program- 
mers to speed the development of 
test programs for new devices. 

The microprocessor assembler 
module makes all of this possible 
by providing a high-level lan- 
guage in which to generate pat- 
terns based on the assembler code 
of a target microprocessor. The 
target can be any microprocessor 
in Lasar's device-model library, 
which now contains over 3100 de- 
vice models. Since the assembler 
module is table-driven, Grant 
adds, any new microprocessor, in- 
cluding coming 32-bit models, can 
be added simply by entering its 
assembly code. 

More than 100 device models 
have been added to the Lasar 
model library since Version 5.2 
was released in April, 1981. LSI 
families added include Z80 sup- 
port families, and the Texas In- 
struments high-speed ALS family 
and its CMOS counterparts. 

What's more, a new TML com- 
piler module in Version 5.3 allows 
TML device models to be created 
from the top, down. TML is the 
high-level device-modeling lan- 
guage from Teradyne that uses 
the high-level functional descrip- 
tions of devices published by de- 
vice manufacturers to create the 
simulation data base for Lasar 
software (ELECTRONIC DESIGN, 
Nov. 8, 1980, p. 103). The new 
compiler uses function calls into 
TML that allow linkage to exist- 
ing TML and Lasar modules. 
With the function calls, models 
can be developed in hierarchical 
layers, each of which is coded as 
a separate module. This means 
that devices can be modeled ini- 
tially at the block diagram level. 
As it becomes important to have 
more information or a more ac- 
curate model, additional informa- 
tion layers can be added down to 
the detailed timing level without 
requiring that the model be re- 
done. The result is a refined, 
highly structured model. 

Another new module runs off 



ot simulator aata ana iuncuons as 
a sophisticated logic analyzer. 
Peruse allows the test program- 
mer to probe hundreds of points 
on a board, and to determine the 
board's activity more accurately 
and in much greater detail than 
is possible with a conventional 
logic analyzer. Unlike a logic 
analyzer, which shows typically 
256 board cycles, Peruse can cap- 
ture all of the information on the 
board, including unknowns and 
high-impedance states, to provide 
an accurate representation of the 
board's performance. Peruse can 
also be used with TML to debug 
complex LSI/VLSI device models. 
To make Peruse even more useful, 
the speed of Lasar's simulation 
module, Simul, has been in- 
creased by more than 40% in 
Version 5.3. 

A fourth new software module, 
Ramgen, allows a variety of 
RAMs to be modeled within 
minutes. This capability is need- 
ed, Grant says, to help test pro- 
grammers deal effectively with 
the greatly increased amounts of 
memory on chips and boards. 

Lasar on non-Teradyne systems 

Along with the new software, 
Teradyne is announcing the in- 
troduction of postprocessors that 
will allow Lasar software to be 
used for the first time with board- 
test systems other than 
Teradyne's. In addition to a new 
postprocessor in Version 5.3 that 
allows functional test programs 
to be generated for the L200, 
Teradyne's latest-generation 
board-test system, and a post- 
processor that translates Lasar 
software-generated test patterns 
into test programs for Teradyne's 
J283 and J325 logic lest system, 
postprocessors are now available 
to translate the test patterns into 
Computer Automation's 4400 
through 4900 series and Gen Rad's 
1790 series of board-testing 
systems. 

Edimn Hall 



unci pusnes tii icuu 

with its 4-Mbit 
bubble memory 

In the wake of a growing list of 
defections from the bubble-mem- 
ory arena comes word from Intel 
that it plans to push ahead with 
its development of a 4-Mbit 
bubble-memory chip and silicon 
support circuits. The news from 
Intel comes shortly after National 
Semiconductor's decision to 
throw in the towel (ELECTRONIC 
DESIGN, Sept. 17, 1981, p. 32) and 
join Texas Instruments and Rock- 
well (Electronic Design, June 
25, 1981, p. 35) on the sidelines. 
Business, Intel claims, is getting 
too good to quit. 

The 4-Mbit chip will not contain 
any new technology tricks, says 
Richmond Clover, general mana- 
ger for Intel Magnetics (Santa 
Clara, CA). It is a straight- 
forward permalloy design em- 
ploying the folded-loop structure 
used in Intel's 1-Mbit device. The 
memory and its support chips will 
be virtually pin-compatible with 
the 1-Mbit family, and software 
changes will be minor— program 
modifications to handle the larger 
address space and the revised 
timing. In the 1-Mbit family, only 
positive power supplies are used, 
and sub-10-ms access time has 
been sacrificed for a wide- 
operating temperature range of 
to 70°C. Access time is 40 ms, 
using 50-kHz cycle rate. 

4-Mbit support coming too 

Unlike the 1-Mbit i7110, how- 
ever, the 4-Mbit bubble memory's 
entry into the marketplace will 
not be slowed by its support cir- 
cuits, according to Clover, adding 
that all the components are ex- 
pected for sampling in late 1982. 

"In fact, we already have the 
new controller breadboarded and 
are internally characterizing 
some 4-Mbit bubble devices," 
Clover notes. "We are also trying 



the bubble-memory subsystem 
components, and hope to make an 
announcement before the end of 
1981." 

From Intel's vantage point, the 
bubble-memory business is up and 
going higher. Currently, the com- 
pany is shipping about 2000 units 
per month (including units 
shipped to other Intel divisions); 
that's three times more than last 
year, according to Clover. More- 
over, the company has capital ex- 
pansion plans that will boost pro- 
duction capacity to about 8000 
units per month in 1982. 

Describing the use of positive 
supplies only and the sacrifice of 
speed for temperature range as 
"right" decisions, Clover points 
to another decision in the same 
vein: Intel's plan to keep its 
bubble-memory business at the 




Richmond G. Clover has been 
general manager of Intel Magnet- 
ics since April, 1980. Before that, 
he was the division's engineering 
manager, responsible for directing 
device designs, interface-electron- 
ics development, and device pack- 
aging. Before joining Intel in 
September, 1977, Clover was a 
department manager for five 
years at the Hewlett-Packard Cor- 
porate Laboratories (Palo Alto, 
CA). Clover holds a doctorate in 
solid-state magnetics from Yale 
University. 



competition with potential board- 
level customers as well as much of 
the overhead associated with 
board-level systems. 

In addition, Clover believes 
that Intel took a bold step in 1980 
when it published a projected 
price curve for bubble systems 
that predicted production prices 
out to 1982. So far, the company 
has lived up to its promises. 

In August, 1981, Intel met the 
first milestone and cut prices of 
the BPK72 1-Mbit system to $600 
(in 5000-piece quantities). And by 
August, 1982, the price is guaran- 
teed to be less than $300 (in 
25,000-piece quantities). 

When the price was up around 
$1000, only systems that had to 
contend with harsh environments 
could justify the high cost. As the 
price drops, though, the telecom- 
munications and portable equip- 
ment market will open up, says 
Clover. "And, when the price 
drops under $300, we think the of- 
fice and business equipment 
markets will show some large 
commitments to bubbles." 

Small Winchesters are fair game 

The entry of bubbles into the 
"corporate" market will directly 
counter the problems of the high 
initial costs of small Winchester- 
type disk drives, Clover contends: 
In many cases, the disks offer too 
much storage capacity, are too 
bulky, and can't be easily 
transported. 

Another attraction, Clover 
believes, is the variety Intel offers 
to system designers. This in- 
cludes the Plug-A-Bubble car- 
tridge and holder system which 
permits very portable nonvolatile 
storage in 128-kbyte cartridges; 
and two memory boards— the 
Multibus-compatible iSBC 254, 
which can hold up to 4 Mbits, and 
the iSBX-251 multimodule, which 
uses the popular SBX connector 
to add 128 kbytes to any SBC. 

Dave Bursky 
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Chip-carrier/socket 
scheme simplifies 
ROM mounting, repair 

A plug-in chip-carrier/socket 
packaging scheme for ROMs, 
jointly developed by Hewlett- 
Packard and 3M and being used in 
HP's Model 9835 desktop com- 
puter system, not only simplifies 
packaging but also permits the 
customer to update or repair a 
system without a service call. 

The 64-kbit ROMs, which con- 
tain the 9835's operating system 
and standard routines, are 
mounted on ceramic chip carriers 
sandwiched in small plastic hous- 
ings. They then plug into sockets 
in a thin removable drawer. Fit- 
ted with a standard card-edge 
connector, the drawer slides into 
the side of the desktop computer. 

The chip carriers, which are 
supplied by 3M, have single-layer 
metallization and are made of 
94% alumina. In original 9835 
prototypes, ROMs were mounted 
on small glass/epoxy circuit 
boards. Malfunctions stemming 
from moisture and outgassing 
from the boards led to a switch to 
a ceramic substrate before the 
system was formally introduced, 
reports George Winski, produc- 
tion engineer for HP in Ft. Col- 
lins, CO. 

Even the substrate has been 



changed. Originally, a 0.062-in. 
substrate had been specified as a 
direct replacement for the glass/ 
epoxy board, and was sized to fit 
the plastic housing. However, the 
housing has since been retooled, 
allowing use of a thinner (0.02-in.) 
and more economical ceramic 
chip carrier with no change in 
performance. The assembled car- 
rier and housings are 11/16 in. 
long, 3/4 in. wide, and 3/8 in. high. 

Chip carriers are ordered from 
3M in arrays of six, and separated 
after lead bonding and encapsu- 
lating. This reduces production 
handling by a factor of six for 
bonding and encapsulating. The 
chip arrays are scored by 3M 
before firing, and thus snap apart 
easily. 

ROMs eject easily 

ROM sockets are made with a 
small plastic button under the 
center of the plug-in unit. Push- 
ing the button from the bottom 
easily ejects the memory. Contact 
pins are gold-plated beryllium 
copper with a folded design that 
keeps constant, even pressure to 
maintain electrical contact and 
hold the ROM in place. 

From each plated hole on the 
ceramic chip carrier, a conductive 
trace leads to a pad near the die, 
where it is connected to the 64-k 
ROM chip with a gold wire bond. 
A small ceramic cap covers and 



seals the IC from exposure to con- 
taminants and from physical 
damage. 

The manufacturing process for 
ROM devices begins by fastening 
IC dice on the 3M ceramic chip- 
carrier die pad. Then the carrier 
is placed in a fixture on one of 
HP's automatic lead bonders, and 
the ROM chip is connected to the 
peripheral traces with gold wire 
bonds, explains HP assembly 
manager John Mahorney. 

Next, the circuits are fitted 
with a ceramic lid having a small 
bleed opening at the top. The lids 
are secured to the carrier by a 
heat-activated epoxy resin. 
Lidded chips are then placed in a 
vacuum chamber and flooded 
with nitrogen to exclude air and 
any contamination. While the 
chip carrier is in the nitrogen at- 
mosphere, the bleed opening on 
the top is sealed with a dot of 
epoxy to contain the nitrogen. 

Each chip is then burned-in, us- 
ing a high-temperature reverse- 
bias program, to eliminate mar- 
ginal units. After each chip has 
been operated under load condi- 
tions, it is tested for conformance 
to part specifications. 

' 'HP has found that faulty units 
will generally fail within a short 
period of time, and once this test 
has been completed, the confi- 
dence level is high for those 
memory devices that pass," 
Mahorney notes. 

Finally, the tested and ap- 
proved ceramic chip carriers are 
placed in the two-part plastic 
housing. Each ceramic carrier 
has two holes in its surface to ac- 
cept screws that hold the package 
together. Raised ridges on the 
edges of the housing key it to the 
ROM socket. At this point, the 
ROMs are ready for final assem- 
bly in the system. 

Nine ROM-based enhancement 
packages for the 9835 are of- 
fered, ranging from data com- 
munications to assembly lan- 
guage to mass-storage control. 




After the chip carriers have been tested, the completed assemblies are ready for 
mounting in plastic housings. 




LeaderChip 




It's more than just having 
a full array of gate arrays. 

As more and more people are finding gate 
array solutions to a wide range of logic 
problems, more and more are coming to us. 

Why? 

Quite logical, really. No gate array producer 
has more satisfied customers than we do. 
Not AMI. Not Fujitsu. Not Interdesign. 
No one. 

There's good reason for it, too. With 27 
proven CMOS gate array products, we can 
quickly offer you a variety of masterslice 
solutions. With gate arrays as small as 50 
gates. Or as large as 5,000 gates. And 
there's more on the drawing board. 

Since 1974, we've set the standards in the 
design and manufacture of the highest 
quality, highest speed CMOS gate arrays. 
Today, in more than 550 designs, our 
"SystemChips" and "Garbage Collectors" 
are solving problems for hundreds of com- 
panies ... in peripherals, processors, pace- 
makers and plenty more. 

Whichever design you choose, we fully 
control your product, using our own auto- 
matic CAD, producing our own wafers, and 
assembling our own packages. We perform 
our own testing, screening and burn-in. 

Considering gate arrays? Call us . . . first. 
Or send us your logic diagram for a quick, 
confidential quote. Our Leadership can 
make your product number 1. 

INTERNATIONAL 

MICROCJLRCUITS 
INCORPORATED 

Gate Array Leadership 
3350 Scott Boulevard, Santa Clara, CA 95051 
Tel: (408) 727-2280, TWX 910-338-2032 
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double 
balanced 
mixers 



standard level (+7 dBm LO) 




1 to 1000 MHz 

only $43 95 a24) 

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY 



• Rugged 1 1 A in. sq. case 

• 3 Mounting Options-thru hole, 
threaded insert and flange. 

• 4 Connector Choices 
BNC.TNC, SMA and Type N 

• connector intermixing 

male BNC.and Type N available 



ZFM-2 SPECIFICATIONS 



FREQUENCY RANGE, (MHz) 
LO, RF 1-1000 
IF DC-1000 



CONVERSION LOSS, dB 


TYP. 


MAX 


One octave band edge 


6.0 


7.5 


Total range 


7.0 


8.5 


ISOLATION, dB 


TYP. 


MIN 


1-10 MHz LO-RF 


50 


45 


LO-IF 


45 


40 


10-500 MHz LO-RF 


40 


25 


LO-IF 


35 


25 


500-1000 MHz LO-RF 


30 


25 


LO-IF 


25 


20 



For complete specifications and performance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory, the Goldbook or EEM. 



finding new ways . . . 
setting higher standards 

(^Mini-Circuits 

A Division of SciennfiL Component Corporation 
Worlds largest manufacturer of Double Balanced Mixers 

2625 E. 14th St. B'klyn , N.Y. 1 1235 (212) 769-0200 



CIRCLE 21 



Each package may be ordered, in- 
stalled, and put into operation en- 
tirely by the customer. Optional 
operating-system enhancements, 
such as additional programming 
statements and commands, are 
contained in sets of ROMs that fit 
into four smaller drawers at the 
front of the 9835. Four or six 
plug-in memory units fit in each 
drawer. 

Hewlett-Packard manufactures 
its own solid-state devices, in- 
cluding the 64-k ROM chip. In ad- 
dition, the plug-in memory pack- 
age is also used in the HP 9874 
digitizer. 



Solid-state imagers 
aim for higher speed, 
color, and lower noise 

Three unusual solid-state im- 
agers will be described at the up- 
coming International Electron 
Devices Meeting (Washington, 
DC, Dec. 7-9). Eastman Kodak 
researchers will report on an 
image sensor operating at 2000 
frames/s, Hitachi workers will 
describe a color imager using a 
new photoconductive film atop a 
MOSFET scanning array, and 
workers from Xerox will describe 
a polysilicon isolated photodiode 
array. 

The Kodak sensor comprises a 
248 (horizontal) by 192 (vertical) 
array of photocapacitors for video 
systems. 

The image-sensing area is di- 
vided into six blocks, with each 
block having 32 parallel outputs. 
The blocks are addressed sequen- 
tially by an external clock. The 32 
parallel outputs per block are 
sensed simultaneously, reducing 
the analog data rate at 2,000 
frames/s to 3.1 MHz. 

Each pixel consists of a block- 
address gate, a column-address 
gate, a dc barrier gate, and a dif- 
fusion area contacted by an alum- 
inum signal line. 
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A dynamic shift register scans 
the columns. When both block 
and column gates are addressed, 
the photogenerated charge is 
transferred onto the signal line. 
Signals are sensed off-chip via 32 
separate signal lines connected to 
the proper block by 192 output 
multiplex switches and a 192 x 32 
interconnect matrix. Results of 
addressing and readout speeds 
are presented. 

Owing to the parallel architec- 
ture and the short element time 
available at 2000 frames/s the 
sensor's noise sources are some- 
what different from those in con- 
ventional image sensors. The ma- 
jor dark noise sources include 
dark pattern, reset, and amplifier 
noises, with magnitudes of 
17,000, 3600 and 5700 rms elec- 
trons, respectively. 

The dark pattern is largely 
clock noise due to sampling the 
signal prior to the full decay of the 
column address transient. 

Scientists at the Central 
Research Laboratory of Hitachi, 
Ltd. (Tokyo, Japan) have devel- 
oped a solid-state color imager 
with a photoconductive layer on 
top of a MOSFET scanning array. 
The film is made with reactively 
sputtered hydrogenated amor- 
phous silicon (a-Si:H). The imager 
has 485 (vertical) x 384 (horizon- 
tal) picture elements with each 
pixel area 23|tmx 13.5 /mi. 

The MOS scanning circuit is 
fabricated with the LOCOS pro- 
cess using 3 /mi n-MOS technol- 
ogy. Vertical npn structures are 
also fabricated to form a bipolar 
transistor, which absorbs over- 
flow carriers and prevents them 
from appearing on the signal-out 
line through MOSFET. The p + 
region beneath the n + region in- 
creases junction capacitance. 

After the LSI process is com- 
pleted, the wafer is scribed into 
chips measuring 8.5 mm x 10.0 
mm. Then, an a-Si:H film 5 pm 
thick is deposited on the chip with 
rf sputtering, masking the areas 



memory boards 
expand Microboard 
products to 45. 



Oxide 
Not addressed 

Column only addressed 

Block only addressed 

Block and column 
addressed 




MIS storage 
gate 

Photodiode- 

Polysilicon 
isolation - 
structure 
MIS storage 
gate 



Serial 
out 



13 ^m 



5 ^m 



Serial 
out 



(b) 




A Kodak imager (a) transfers charges 
to a signal line when a block and 
column are addressed. A Xerox 
imager (b) uses narrow polysilicon 
strip to reduce noise. A Hitachi 
imager (c) uses amorphous silicon as 
a photoconductive layer on MOS. 

other than the imaging area. 
Finally, on top of a-Si:H film, a 
transparent electrode of ITO is 
deposited by the sputtering. 

The a-Si:H film is doped with 
nitrogen to improve electron 
mobility and to lower the operat- 
ing voltage of the film. (Photo- 
current saturates at as low as 5 V 
because of the nitrogen doping.) 
Dark current remains at a low 
level; 30 pA/cm 2 , even at a volt- 
age level well above the satura- 
tion. This low level of dark 
current is attributable to the 
Schottky barrier formed at the in- 
terface of a-Si:H and the upper 
electrode. 

With an ITO electrode, the 
quantum efficiency is 0.9 or 
higher at the wavelength of 500 
nm and maintains its high value 
over the visible region. Sensitiv- 
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Now there are nine RCA 
memory Microboards that offer 
you the CMOS advantages of 
low power consumption and 
compact size (4.5 x 7.5 inches). 

The newest three are: 

(1) CDP18S629, RAM. $1,263* 

• Our largest memory: 32K 
bytes of static CMOS RAM. 

(2) CDP18S626, RAM/ROM/ 
EPROM. $177* 

• Universal memory board. 

• 16 sockets mixed RAM/ 
ROM/EPROM. 

• Up to 64 K bytes mixed RAM/ 
ROM/EPROM. 

(3) CDP18S627, EPROM. $158: 

• 16 sockets for CDP18U42 
CMOS EPROM's. 

• All sockets independently 
programmable. 



Plus six more reasons to 
forget NMOS: 

• CDP18S620, 4K bytes 
CMOS RAM, $193* 

• CDP18S623, 8K bytes 
CMOS RAM. $312* 

• CDP18S621, 16K bytes 
CMOS RAM, $501* 

• CDP18S624, 4K bytes 
CMOS Battery RAM, $256* 

• CDP18S622, 8K bytes 
CMOS Battery RAM, $375* 

• CDP18S625.8/16/32K 
bytes ROM/PROM, $177* 

Contact any RCA Solid 
State sales office, represen- 
tative or distributor. 
Or call (800) 526-3862. 



"U S. optional distributor resale. 100+ price. 
RCA Solid State headquarters: Somerville. NJ 
Brussels. Sao Paulo. Hong Kong 




NEWS 



ity is 40 nA/lux (3200 K) and the 
saturation current is 1.6 ^A at 
the surface illumination of 130 lux. 

Researchers at the Xerox 
Microelectronics Center (El Se- 
gundo, CA) have developed a 
sensor that uses a narrow string 
of polysilicon in place of the field 
implant and field oxide isolation, 
which often produce leakage cur- 
rent that increases noise and 
signal nonuniformity. This poly- 
silicon isolation structure has a 
positive threshold of +1.5V and is 
normally grounded in operation. 
By eliminating the field implant 
and field oxide, the defect density 
in the sensor area is significantly 
reduced. 

This sensor structure has been 
successfully implemented in a 
1744-element photodiode array 
imager with several other fea- 
tures, such as the on-chip clocks, 
sample-and-hold, and black refer- 
ence. This design, process and 
performance of the poly isolation 
imager will be discussed with em- 
phasis on reduction of photore- 
sponse nonuniformity down to 
only ±1%. 

A narrow string of polysilicon, 
typically 5 fim wide, isolates 
neighboring photodiodes. A light 
dose of boron implant is used to 
shift the threshold under the 
polygate to 1.5 V. In the normal 
device operation this poly isola- 
tion gate is grounded and provides 
the required channel isolation. 



Synthesis/recognition 
system programs 
digitized vocabularies 

Digitized voice vocabularies 
can be programmed in real time, 
with unlimited storage on disk, 
using a speech-synthesis and 
recognition development system 
from Centigram Corp. (Sun- 
nyvale, CA). The VoiceWare 
system produces high-quality 
voice at rates as low as 4800 bits/s 



using parametric waveform cod- 
ing, Centigram's proprietary proc- 
ess for voice digitization. The low 
bit rate enables the system to 
store large quantities of data on 
disk, reducing the cost of storage. 

The basic $25,000 VoiceWare 
system includes an intelligent 
CRT terminal incorporating a 
CPU with 64 kbytes of RAM, 
four RS-232-C serial interface 
ports with local and self -testing, 
dual 500-kbyte 5'4-in. floppy disks 
for voice and data storage, a voice 
digitizer with microphone input, 
and a Lisa speech synthesizer 
with speaker output. The Lisa 
synthesizer is supplied in a 
Multibus format and is housed 
within the VoiceWare System. 

Options include a Mike speech- 
recognition system, a Mike ap- 
plication development support 
software package; a 5-Mbyte 
Winchester disk, a TouchTone in- 
quiry Lisa unit, and custom 
hardware interfaces. Additional 
software enhancements will be 
announced as they become avail- 
able, according to Centigram. 

Voice applications can be 
custom-designed with the Voice- 
Ware system. It can be used to 
support applications such as 
TouchTone data entry and re- 
trieval, electronic voice mail, and 
computer-aided instruction. Be- 
cause the system generates 
speech in real time, it is suitable 
for developing interactive dia- 
logue and applications where the 
speech data changes frequently. 

While the system is off line, the 
operator works from a script, 
speaking each phrase into the 
microphone. The voice is digitized 
and stored in the Lisa unit's 
memory. The phrase is then re- 
called for reviewing and editing. 
The voice will sound like a record- 
ing of the operator's voice. When 
the operator is satisfied with the 
phrase, it is assigned a speech 
code and loaded onto a disk for 
permanent storage. The host CPU 
uses the speech code to access the 



phrase from its storage location 
on the disk. 

The operator can test the effec- 
tiveness of the dialogue by select- 
ing a mode in which the 
VoiceWare system emulates a 
Lisa unit either by itself or with 
a terminal. In this mode, the host 
computer downloads the Lisa load 
files as if the VoiceWare System 
were a Lisa unit operating in the 
field. After testing the dialogue, 
the host computer supplies the 
Lisa load files directly to Lisa 
units in the field. 



ANSI-standard 
Pascal compiler runs 
on DG computers 

From Rhintek, Inc. (Columbia, 
MD), developer of the first com- 
mercially supported Pascal com- 
piler for Data General's Nova and 
Eclipse computers, comes a 
Pascal compiler for Data General 
computers. It has been designed 
to conform to the proposed ANSI 
standard. 

The compiler has 117 error 
messages, and compiles at over 
400 lines/min. Generated code ex- 
ecutes twice as fast as the code 
produced by the Data General 
Fortran IV compiler, according to 
Rhintek. 

The executable code is automat- 
ically linked to the Pascal support 
library by the final pass of the 
compiler. This creates an ex- 
ecutable file directly, saving the 
considerable time normally re- 
quired to perform the linking 
operation manually. The multi- 
pass compiler can compile 4000- 
line programs in less than 32 
kwords of memory. 

Introductory prices are $2000 
for the RDOS version, $2500 for 
the AOS version, and $4000 for 
both, including one year of sup- 
port and maintenance. Source 
code will be available at addi- 
tional cost. 
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KONTRON'S 
MPP 80... The total 
programming instrument 




Whether down-loading from a development 
system, servicing field equipment, or program- 
ming through a handler on the production 
floor . . . Kontron's MPP 80 can do it! 1 . Pro- 
grammable logic modules to support Signetics 
IFL both the 28 and 20 pin (FPLA, FPGA, 
FPRP, FPLS), MMI PAL™, etc. , with full CRT 
editing. 2. Gang programming to support 
all popular EPROMS using interchangeable 
identifiers, including the new 64K EPROMS. 
3. Inexpensive personality modules for pro- 
gramming single devices and whole PROM 
families uses interchangeable 
socket adapters. 

Features ■ All Kontron modules are sub- 
mitted for device manufacturers approvals 

■ Over 400 devices programmed ■ Com- 
puter development system, or terminal 
remote control ■ Standard UV lamp 

■ These and many more features 
are explained in our comprehen- 
sive brochure. 

Kontron's MPP 80 SAM 
provides data transfer 
capabilities over tele- 
phone lines via an 

approved modem . ~ J 

and acoustic 

coupler. Just Ki 
think! No more & y y Mil 

PROMS lost in M:M'M II 

the mail and up- 11' 
dates are as quick \ 
as a phone call! 
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m KONTRON 

I MESSTECHNIK GMBH 



D-8057 Eching/Munich 
Breslauer Strafte 2 
Phone:(089)31901-0 
Twx: 05 22122 



EUROPEAN REPS: 



NETHERLANDS 
C. N. ROOD B.V. 

11-13 Cort van der Lindenstraat 
Postbus 42 
NL-2288 Rijswijk Z. H. 
Phone: 70-99 6360 
Twx: 31 238 



FRANCE/Kontron S. A. ITALY 
Roche Bioelectronique TELAVS.A.S. 



2, Avenue du Mane! 
F-78190Montigny-!e- 
Bretonneux 
Phone: 04 3 81 52 
Twx: 6 95 673 



Via S. Anatalone. 15 
1-20147 Milano 
Phone: 2-415-4141/2/3 



NORWAY 

Telelnstruments AS 

Blakstadmarka 34 
P.O. Box 134 
N-1371 Asker 
Phone: 2-78 94 60 
Twx: 193 



SWEDEN 
AB Transfer 

Box 506 

S-17229 Sundbyberg 
Phone:8-981620 
Twx: 19 339 



SWITZERLAND 
Kontron Electronic AG 

BemerstraOe Slid 169 
CH-8048 Zurich 
Phone: 1 -62 82 82 
Twx: 5 7439 



BELGIUM 
ROOD C.N. B.V. 

Place de Jamblinne 
de Meux 37 
B-1040 Brussels 
Phone: 2-735 21 35 
Twx: 22 846 



Technological leadership. 



End the tyranny of 
M6805 8-bit MCUs can 



Motorola's M6805 single-chip, 8-bit MCUs can 
set your designs free with their unique level of 
performance and combination of features. Never 
again should you be forced into a system that's 
less, or more, than you need by an inflexible MCU. 

The M6805 Family has the flexibility and cost- 
effectiveness to allow creativity and freedom in 
designing systems for high-volume control appli- 
cations, from games and consumer products to 
automobiles, from appliances to industrial 
controllers. 

And even with so many options among the 
eight HMOS types, selection of the right M6805 
Family MCU is simple. The family has five basic 
variations and three of these are complemented 
by EPROM versions. 

All M6805 Family MCUs are based on the same 
powerful, MC6800 computer-type architecture 
optimized for control. They use true bit-manipula- 
tion instructions and ten addressing modes, with 
byte-efficient, enhanced indexed addressing. 

Two general purpose and three special registers 
are uniform for M6805 MCUs, and all eight 
HMOS types utilize the same basic 59-instruction 
set. ROM, RAM and I/O vary, and many of the 
M6805 Family MCUs have differing special 
features. 

The table suggests how easy the family is to un- 
derstand and demonstrates how easy it is to select 
the MCU that's practically tailored to your needs. 

M6805 FAMILY SINGLE-CHIP, 8-BIT HMOS MCUs 





MC6S05P2 


MC6805P* 


MC687Q5P3 


UC6805T2 


s I5U2 


MC68705U3 


MC6805R2 


MC6S705R3 


ROM (byles) 








2-.5K 










EPROM (bytes) 


















RAM ■i;v: -;i 


64 


112 


112 


64 


64 


112 


64 


112 


I/O Pins 
Input 










8 


8 


2-5 


2-5 


Bidirectional 


20 


20 


20 


19 


M 


24 


24 


24 


Special 


















8-bit A/D 


















Frequency 
Synth. 


















1/0 Drive 


I2TTL/CH0S 
8 LEO 


12 TTL/CHOS 
8 LED 


1 1 TTLVCKOS 
8 LEO 


nm/CMOS 

BLED 


If". CMOS 
8 LED 


16 TIL/CMOS 
BLED 


16TTL/CM0S 
8 LED 


16 TTL/CMOS 
8 LED 


Interrupts 


1 


1 


1 


1 










Sell Check 




yes 






yes 




yes 




Bootstrap 


















PLL 



















Powerful instructions and a large complement 
of addressing modes are a programmer's delight. 
The similarity and compatibility between M6800 
and M6805 make transition from one to the other 
a simple matter. Simplicity, compatibility and the 
economy of programming ease movement among 
Motorola MCUs and reduce system design costs. 

Software and hardware development for all 
M6805 MCU-based systems is efficiently handled 




inflexible MCUs. 
set your designs free. 




by simple variations of the MEX6805 emulator 
system. Each is fully compatible with both the 
MC6800 and MC6809-based EXORciser® and 
EXORterm™ development systems. 

The MEX6805 provides real-time emulation 
capability and a complete memory map. Debug- 
ging features include trace, display of registers and 
memory, single-step capability, plus halt-on- 
address and break points. Software support is also 
provided on the low-cost EXORset™ development 
system. An inexpensive PROM Programmer sup- 
ports the MC68705 MCUs. 

For designers of portable, battery, battery back- 
up and other low-power systems, the broad 
M6805 Family also includes fully-static CMOS 
single-chip MCUs. Motorola also supplies the 
MC 1468 18 real-time clock for use with most mul- 
tiplexed-bus processors. 

Have a cup on Motorola. 

It takes only about the time to drink a cup of 
coffee to become familiar with the M6805 Family 
MCU options. If you call a Motorola sales office 
for information or send us the coupon below 
completed and attached to your 
company letterhead or your 
business card, well give you 
the cup to drink it from. Then 
you can "Take 5ive" as our new 
M6805 Family brochure sug- 
gests, and learn about using 
these single-chip, 8-bit 
MCUs for 

Innovative systems 
through silicon. 



MOTOROLA INC. 





TO: Motorola Semiconductor Products Inc.. P.O. Box 20912, Phoenix, AZ 85036. 

Please send me information on M6805 Family. 

106 ED 9 3081 



Name 
Title _ 



Tel.: ( L 



Company 
Address _ 

City 

State 



. Mail Drop_ 



ZIP 



Sure way to improve 
power supplies: put in 

Sprague input filter capacitors. 

Get more capacitance per case size, lower ESR, and higher 
ripple current.. .566 standard ratings to choose from! 



Now you can meet your specific 
power supply requirements without 
paying for s pecial input filter capacitors 
that increase both cost and lead time. 

For example, you can get Sprague 
input capacitors with capacitance val- 
ues as high as 390,000 /xF in a 3" D. x 
8%" L. case. But don't take our word 
for it. Make a spec check in the table 
below. 




KEY 
SPECS 


TYPE 623D* 

Extralytic® 

ALUMINUM 
ELECTROLYTICS 
20 Standard Ratings 


TYPE 602DX 

Extralytic® 

ALUMINUM 
ELECTROLYTICS 
150 Standard Ratings 


TYPE 32DR 

Compulytic® 

ALUMINUM 
ELECTROLYTICS 
132 Standard Ratings 


TYPE 32DX 

Compulytic® 

ALUMINUM 
ELECTROLYTICS 
132 Standard Ratings 


TYPE 36DX 

Powerlytic® 

ALUMINUM 
ELECTROLYTICS 
132 Standard Ratings 


Case Size Range 
(D.xL) 


1.375" x 2.125" 
to 

3.000" x 5.625" 


1.375" x 2.125" 
to 

3.000" x 5.625" 


1.375" x 2.1 25" 
to 

3.000" x 8.625" 


1.375" x 2.125" 
to 

3.000" x 8.625" 


1.375" x 2.125" 
to 

3.000" x 8.625" 


Operating Temperature 
Range 


-55°C to + 85°C 


-55°Cto + 85°C 


-40°C to +85°C 


-40°C to +85°C 


-40°C to +85°C 


WVDC Range 


200 and 250 


5 to 250 


7.5 to 150 


10 to 200 


10 to 450 


Capacitance 
Range (/u.F) 


7400 to 260* 


270,000 to 150 


310,000 to 410 


320,000 to 180 


390,000 to 80 


Max. ESR (ohms) 
at 120 Hz 


o 

o o 
•q- o 

CO 


0.020 


i° 

° ^ 
CM ro 


0.0062 


83 
Run 

00 to 


0.010 


°.i 

CD ■<— 

CM 4_, 
CO CO 


0.017 


U-O 

s* 

O T— 

CO ^ 
CO ro 


0.012 


Max. RMS Ripple 
Current (Amperes) 
at 120 Hz and 85°C 


20.0 


36.0 


23.9 


18.3 


15.3 


Terminal Styles 


Low Screw-Insert 


Low or High Screw- 
Insert, or High Current 


Low or High Screw- 
Insert, or Solder Lug 


Low or High Screw- 
Insert, or Solder Lug 


Low or High Screw- 
Insert, or Solder Lug 



Designed specifically for off-line switched-mode power supplies. 

Sprague World Trade Corp.— 3. Chemin de Tavernay. 1218 Geneva. Switzerland. Tel. (022) 98 40 21 

Sprague France S.A.R.L.— 2 ave. Aristide Briand. F-92220 Bagneux. France. Tel. 6 55 19 19 

Sprague Electric (U.K.) Ltd.— Salbrook Road, Salfords Redhill. Surrey RH1 5DZ. England. Tel. Horley 5666 

Sprague Elektronik GmbH — Darmstadter Landstr. 119-125. 6000 Frankfurt/Main 70. Germany Tel. 0611-6055-1 

Sprague Benelux — B P 104. B-9600 Ronse. Belgium. Tel. 055-21 53 02 

Sprague Italiana S.p.A.— Via G. de Castro 4. 1-20144 Milano. Italy Tel. (02) 498 78 91 

Sprague Scandinavia AB — Invernessvagen 6, S-182 76 Stocksund. Sweden Tel. 08-85 02 20 

Semicaps— Gammel Kongevej 148. 5 DK-1850 Copenhagen. Denmark. Tel. 01-221510 

Field Oy— Veneentekijantie 18, SF-00210 Helsinki. Finland. Tel. 90-69 22 577 

Racom Electronics Co. Ltd.— P.O. Box 21 120, IL-Tel Aviv. Israel. Tel. 03-45 31 51 

Bianchi S.A.— Apartado 220. E-San-Sebastian, Spain. Tel. 943 36 20 45 



SPRAGUE 

THE MARK* OF RELIABILITY 



a subsidiary of GK Technologies 

IncorpOraleO 
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CIRCLE 220 



WashingtonReport 



Brock pushes Japanese harder to open up their markets 



A soaring United States trade deficit with 
Japan, bolstered by still growing imports of 
electronic equipment, steel, and textiles, has 
led U.S. Special Trade Representative William 
Brock to demand in Tokyo that Japanese 
markets be opened "much wider" or the 
Reagan administration will "face substantial 
pressure" at home to close American markets. 
His remarks came right after he revealed that 
this country's trade deficit with Japan will 
balloon almost 50% this year to close to $15 
billion. 

Brock added that the matter goes beyond 
trade and could affect diplomatic relations 
between the two countries. If the current 
"reservoir of good will generated by 
admiration for Japanese skills is to be tapped 
for the benefit of our overall relationship," 
Brock said, "Japan must overcome the 
widespread perception in America that it does 
not play fairly in the international trading 
arena." He made his statements at the fifth 
Shimoda Conference, a high-level private 
gathering of Japanese and American leaders, 
where trade issues seemed to dominate this 
year. 



The Japanese government has blamed the 
growing trade deficit on the high interest rates 
in the U.S., which have kept the dollar strong 
—and American exports more costly— and the 
yen undervalued. 

"The United States complains, but at the 
same time you pursue a policy of benign 
neglect in terms of international exchange 
rates," said Naohiro Amaya, special adviser 
to the Minister of International Trade and 
Industry. 

Still, Japanese trade officials appear to be 
taking the deficit issue more seriously than 
they had before. The Japan Foreign Trade 
Council, a business group, recently called for 
quicker government action to increase 
imports, and the cabinet ministers are 
reportedly ready this month to review ways 
to open up their markets further to U.S. 
companies. 

Brock, who knows well that remarks such 
as his have been made and then forgotten by 
the world community many times, summed 
up his job recently when he said: "They've got 
a lot of liberalizing to do here. We've got to 
on." 



NAS says solar-energy satellites are not needed 



An ambitious proposal to launch 60 
satellites to convert the sun's rays into usable 
energy that could be beamed to earth has been 
found to be unnecessary at any cost by a study 
conducted at the National Academy of 
Sciences for the Department of Energy. 

The DOE had envisioned orbiting satellites 
laced with silicon photovoltaic cells to collect 
the sun's energy. After being converted into 
microwaves, the energy would have been 
transmitted to antennas at receiving sites 
around the country and then placed on the 
electric power grid. 

But after looking over the project for two 
years, the NAS found that higher than 
anticipated costs of space transportation, 
silicon cells, and satellites would send the 
price of a kilowatt-hour of electricity to 
$10,000, a substantial increase from the DOE's 
forecast of $4000/kWh. 

The researchers also found that the amount 
of future energy expected from coal, nuclear, 



and earthbound solar sources will more than 
offset the need for the solar satellites. "We 
just found that there wasn't a crying need 
anymore to go into orbit," says John 
Richardson, NAS staff director for the study. 
The DOE, which originally sponsored the 
project in 1979, when the nation's policy was 
to scurry for new energy sources, had been 
budgeted $20 million through 1981 to evaluate 
the idea. 

However, perhaps the biggest obstacle to 
the plan — especially in the country's current 
economic scrape — is the kind of domestic 
reaction full-fledged building would evoke. 
The price tag was slated at $3 trillion, with 
a payoff time of 20 to 30 years before the first 
kilowatt-hour's worth of energy could be 
beamed from space. 

Then, Richardson says, there's the public's 
often protective environmental attitudes, 
especially when a project will affect their 
backyards. "We asked ourselves, 'Are people 
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going to stand for microwaves pouring out of 
space and antenna farms 10 miles long and 
8 miles wide near their towns?' " 

The DOE has not requested renewed 
funding for the solar satellite plan. But 



Richardson adds that the researchers were not 
completely negative about the project: "Even 
with all its faults, I just want to say that 
technologically we could probably have built 
it. That's not the problem." 



Military IC sales to double by 1985, study predicts 



Spurred by the Pentagon's Very High Speed 
Integrated Circuits ( VHSIC) program, the 
U.S. military semiconductor market is 
expected to more than double over the next 
five years, according to a report just released 
by Frost & Sullivan, Inc., a New York market 
research firm. 

Factory shipments of ICs for defense 
applications will approach $1.64 billion by 
1985 from a current $761 million this year, 
the study says. With total defense electronic 
outlays forecast to increase from $20 billion 
to $29.5 billion over that same period, 
semiconductor content in defense electronics 
systems will expand from the current 3.8% to 
5.54%. 

The fastest growing segments, the firm 
predicts, will be memories, microprocessors, 
and field-effect transistors. In terms of 



technologies, the study says that silicon will 
remain the preeminent material for ICs over 
the five-year period, but gallium arsenide will 
probably pose a serious challenge between 
1985 and 1990 because of its potential for 
faster speed and operation at higher 
temperature. 

Despite the Pentagon's increased 
purchases, the military share of overall 
domestic chip sales through 1985 will actually 
shrink from 8.9% to 7.4% as the nation's 
market grows from $8.52 billion to $22.1 
billion. 

Currently, the top five suppliers of military 
semiconductors are, according to Frost & 
Sullivan, Texas Instruments ($110 million), 
Motorola ($90 million), National 
Semiconductor ($52 million), Signetics ($46 
million), and Fairchild ($43 million). 



Personal computer makers prepare for RFI compliance 



New Federal Communications Commission 
regulations that require internal computer 
design changes to reduce radio frequency 
interference go into effect this week for all 
new machines. Computer makers are 
responding with grudging support. 

The rules, which were adopted in 1979, set 
up a broad outline of how much radiated 
energy and conducted energy may be emitted 
from computing devices, which are divided 
into business and industrial machines (Class 

A) and personal and home equipment (Class 

B) . Jan. 1 was the compliance date for most 
already manufactured pieces of equipment, 
and Oct. 1 is the date for new items. 

"These requirements are long overdue," 
says George R. Ufen, an RFI expert who plans 
to work with corporations to meet the FCC 
standards. "There is certainly interference 
pollution out there now. Electronic equipment 
these days is beginning to interfere with such 
common and necessary things as 



electrocardiograms. The reaction to the FCC 
from many in the electronics community is 
'help!' But a company that has always 
followed good engineering practices will have 
no trouble meeting the guidelines," suggests 
Ufen. 

Officials at Apple Computer, Inc. 
(Cupertino, CA), who had to retrofit their two- 
year-old Apple II personal computer by 
January 1 of this year, see the new rules as 
a sadly necessary by-product of the electronics 
boom. 

"With all the equipment being made today," 
John Zsoi, an Apple II engineering team 
leader, says, "there's always the possibility of 
somebody dumping a whole lot of equipment 
on the market without care for proper design 
and interference needs just to make a quick 
buck. It's like the CB craze. I guess the FCC 
just had to brake it a little." 

It took six to nine months to rework the 
Apple II, with a lot of trial and error and a 
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First, 2332s. 
Now, 2364's. 



On time. In quantity. 



Why the write people went ROM. For years, we 
produced high quality static RAMs. We built them in 
quantity, to the highest standards, and with one of the 
best delivery records in the industry. Now, we're 
applying that experience to ROMs. And our past 
experience in MOS RAMs means we're well down the 
learning curve in MOS ROMs. You know what that 
does for prices. We call it the RAM to ROM equation. 
ROMs your way. Send us your codes. In programmed 
EPROMs. In programmed ROMs. On cards, coding 
forms or punched paper tape. We'll have pattern 
verification media on its way to you within three 
working days of receipt. 

Five weeks to prototype. Five weeks after you O.K. 
verification media, we can ship prototype quantities up 

to 250 pieces. 

Production quantities. Fast. You release the order, 
and we ship production quantities in eight weeks. You 
get your 2364s in a hurry, with the same quality you've 
come to expect from our RAMs. Remember the RAM 
to ROM equation. 



Everybody promises quality. We deliver it. In 2364s. 
We don't just promise. And what goes for our 64K 
ROMs also goes for our 32K and 16K. Quantity. Quality. 
Delivery. 

Need ROMs? Call us at (602) 968-4431. Or, return 
the coupon. Or, send us your programmed 2700 
series EPROMs. We'll get back to you fast with data 
you can use. 



GTE 



Microcircuits 

2000 West 14th St., Tempe, AZ 85281 
(602)968-4431 TWX: 910-951-1383 



O.K., GTE, I'm interested. Stand and deliver. 
□ Send me your GTE RAM/ROM Specifying Guide. 



Name 

Company . 
Address_ 



City. 



State _ 



Zip. 
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lot of tinkering with power-supply systems. 
Reminding himself of the amount of tedious 
work he put in, Zsoi adds somewhat ruefully: 
"You know, we really weren't getting any 
complaints about our machines interfering 
with broadcast signals anyway." 



Although admitting that they are opening 
themselves to a wave of regulatory headaches 
and controversy over the new rules, FCC 
officials say that adoption was necessary to 
avoid a future world crowded with broadcast 
signals that can't get through. 



New bill proposes greater strengthening of small-business R&D 



While the Senate appears about ready to 
pass legislation that would require federal 
agencies with research and development 
budgets of more than $100 million to earmark 
1% of those funds for small businesses, Rep. 
Berkeley Bedell (R-IA) has introduced a bill 
in the House that takes the law a step further. 

The Bedell measure would increase the set- 
aside to 2% in 1984 and beyond. It also 
stipulates that those agencies spending $20 
million to $100 million for R&D, although not 
required to set aside funds, would have to 
develop guidelines for bringing in more small- 
business research contractors. Finally, it 
includes a monitoring provision that aims at 
ensuring compliance: Each agency would have 
to report annually to the Small Business 



Administration, which would be responsible 
for overseeing the program. 

Another bill, introduced by Rep. John 
Seiberling (D-OH), which attemptsto stem 
the "urge to merge" that is spreading 
throughout U.S. corporations, offers as a by- 
product some protection to small and 
independent businesses from being swallowed 
up by larger firms. The measure would bar 
any mergers between companies with assets 
totaling $2 billion or more and make it tougher 
for firms with assets of $350 million to $2 
billion to merge with similar-sized companies. 
The law would allow such companies to buy 
one another only if they can prove that the 
merger will "enhance competition or result in 
substantial efficiencies." 



Commerce clarifies bidding for NTT contracts 



The Commerce Department has explained 
the bidding procedure for approximately $3.2 
billion of procurement contracts now open to 
U.S. firms from Japan's Nippon Telephone & 
Telegraph Public Corp. — part of a trade 
agreement signed during the Tokyo round of 
Multilateral Trade Negotiations. 

The explanation is offered in the Aug. 20 
issue of the department's international trade 



magazine, Business America, which is 
available for $2.75 from the Superintendent 
of Documents, U.S. Government Printing 
Office, Washington, DC 20402. The magazine 
also describes procedures for selling 
interconnection equipment like data 
terminals, telephone-answering machines, 
and decorator telephones to the Japanese 
public. 

Jeffrey Rothfeder 
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Introducing 
a series of 
portable scopes 
so advanced, 

they cost you less. 
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"ektronix 

COMMITTED TO EXCELLENCE 



Tr~\s oonn multi-purpose 

tr\ C-d\j\J OSCILLOSCOPES 
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Tek 2213. $1100 



Performance 
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BANDWIDTH 

Two channels, dc — 60 MHz to 20 
mV/div, 50 MHz to 2 mV/div. 

LIGHTWEIGHT 

6.1 kg (13 1 / 2 lbs.). 6.8 kg (15.0 lbs.) 

with cover, and pouch. 

SWEEP SPEEDS 

Sweeps from 0.5 s to 0.05 us (to 5 
ns /div with X10 magnification). 

SENSITIVITY 

Scale factors from 100 V/div (10X 
probe) to 2 mV/div (1X probe). Ac- 
curate to ±3%. Ac or decoupling. 

MEASUREMENT 
CONVENIENCE 
Automatic intensity, automatic 
focus, beam finder for 
off-screen signals, 
full 8x10-cm CRT. 



Tektronix tradition for excellence in 
designing and manufacturing oscil- 
loscopes is recognized around the 
world. But, rather than rest on past 
laurels, we've veered dramatically 
from the traditional design path we 
ourselves established. 

With the 2213 and the 2215, an en- 
tirely new form of scope is on the 
scene. Most remarkable about these 
new scopes is that their major design 
advances deliver full range capa- 
bilities at prices significantly below 
what you would expect to pay. 

How has this been accomplished? 

First, the number of mechanical 
parts in these new scopes has been 
reduced by 65%. Saving parts cost 
and ultimately improving reliability. 

Makes sense. The fewer the parts, the 
less likely something will go wrong. 
And the less often something goes 
wrong, the more hours spent being 
productive. 

Next, board construction was de- 
signed with the ultimate sophistica- 
tion: simplicity. High performance is 



High efficiency 
power supply. 



No 

cooling fan. 



Fewer 
mechanical 
parts 
than any 
other scope 



Fewer 
boards. 




Improved 

service 

access. 



Less 
internal 
cabling 
than any 
other scope. 



13.5 
pounds. 



*FOBBeaverton,OR. 
U.S. Prices. 



THE PERFORMANCE/PRICE 
STANDARD 



Specifications 



DELAYED SWEEP 
MEASUREMENTS 

2213: standard sweep, intensified 
after delay, and delayed; delay 
times from 0.5 /xs to 4 ms. 2215: 
increased delayed measurement 
accuracy to ±1.5%; A only, Bonly, 
or A and B alternately with A inten- 
sified by B; B sweeps run after 
delay or separate trigger. 

COMPLETE TRIGGER SYSTEM 

Modes include TV field, normal, 
vertical mode, and automatic; 
internal, external, and line 
sources; variable holdoff; sepa- 
rate B sweep trigger on 2215. 
NEW P6120 PROBES 
High performance, positive at- 
tachment, 60 MHz and 10-14 
pF at probe tip; light weight, 
flexible cables; new Grabber 
tips for ICs and other small 
diameter components. 



achieved with fewer boards. (The 
2213 has only one). Board electrical 
connectors are reduced in number — 
virtually eliminated in the 2213 — and 
cabling cut an amazing 90%. 

Fewer components and fewer boards 
mean fewer steps in assembly, less 
testing, less likelihood of testing 
errors. 

These are the direct efficiencies that 
keep prices low and reliability high. 

The 2213 and 2215 also feature a high 
efficiency power supply and power- 
saving circuitry. 

These innovations eliminate the need 
for a cooling fan and help make the 
scopes smaller, lighter and cleaner. 
In addition, the power supply works 
all over the world (90-250 Vac, 48- 
62 Hz) without needing a line switch 
or a bulky line transformer. This spe- 
cial power supply also regulates fluc- 
tuations in line voltage, to assure cal- 
ibrated measurements. 

These are just some of the innova- 
tions built into the 2213 and 2215 to 



Tek 2215. $1400 
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reduce costs and improve 
performance. 

Performance that's written all over the 
front panels. 

The bandwidth for digital and high- 
speed analog circuits. The sensitivity 
for low signal measurements. The 
sweep speeds for fast logic families. 
And delayed sweep for fast, accurate 
timing measurements. 

The advanced trigger system fea- 
tures a vertical mode for true alter- 
nate triggering on both channels. It 
even has a convenient signal- 
seeking auto mode. And it also trig- 
gers on either TV lines or fields at any 
sweep speed for video service. 

These scopes have it all. They're 
lightweight for field work. They've got 
a bright, easy to view display. Auto- 
matic CRT focus and intensity. Beam 
finder. And the operating simplicity to 
fit a wide range of operator skills. 

These are the advances in perform- 
ance, cost savings and convenience 
that break tradition. But other tradi- 
tions remain. Like fast, reliable ser- 



vice support. Nearly 1300 people 
around the world to service Tektronix 
products exclusively. Plus the cus- 
tomer documentation, training pro- 
grams and applications assistance 
that help to make Tek service the 
most comprehensive in the industry. 
And make your 2200 scope an even 
greater value. 

For literature on the 2213 and 

2215, contact the Tek office 

nearest you. Or call us toll-free. 

1-800-547-6711. 

In Oregon, 1-800-452-6773. 



For further information, contact: 

U.S.A.. Asia, Australia, 
Central & South 
America, Japan 

Tektronix, Inc. 
PO. Box 4828 
Portland, OR 97208 
Phone: 800/547-6711 
Oregon only 800/452-6773 
Telex: 910-467-8708 
Cable: TEKTRONIX 

Europe, Africa, 
Middle East 

Tektronix International, Inc. 
European Marketing Centre 
Postbox 827 
1180AVAmstelveen 
The Netherlands 
Telex: 18312 



Canada 

Tektronix Canada Inc 
P.O. Box 6500 
Barrie, Ontario L4M 4V3 
Phone: 705/737-2700 



Tektronix 
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ARINC60a 
FIRST TO 
FLY WITH 
AVIONIC 



Since rack and panel connectors 
were first devised, the ITT Cannon 
Electric name has been synony- 
mous with technological leadership. 
And when the avionics industry 
called for a new design to meet the 
demands of modern technology, ITT 
Cannon again held centerstage with 
the ARINC 600 connector series. 
We were the first manufacturer quali- 
fied to commercial avionics speci- 
fications. That means we've already 
gone through the learning curve, 
and can offer you a most depend- 
able line of Arinc connectors. 

Cannon's low insertion force 
BKAD/E series connectors are 
available in environmental and non- 
environmental designs. Their con- 
tacts are fully interchangeable with 
our DPX series. And termination 
tooling is the same for easy retro- 
fitting. You get greater reliability, 
easier maintenance and lower 
cost per mated line in a totally- 
installed system. 

At ITT Cannon, we have product 
when you need it. And you can 
choose from a wide assortment of 
contact configurations. For immedi- 
ate information, refer to our pages 
in EEM. For literature, the name of 
your local ITT Cannon distributor 
or other information, contact Rect- 
angular Division Marketing Manager, 
ITT Cannon Electric, a division of 
International Telephone and Tele- 
graph Corporation, 10550 Talbert 
Avenue, Fountain Valley, CA 92708. 
(714] 964-7400. In Europe, contact 
ITT Cannon Electric, Avenue Louise 
250. B-1050 Brussels, Belgium. 
Phone: 02/640.36.00. 






CANNON 111 

You can always connect with Cannon. 
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Benchtop tester handles variety of ^Ps, RAMs, ROMs 

British step up fiber-optic efforts 

International meetings 

Digital phase meter resolves 0.1 ° 

ijC module slides into Eurocard slot 

Hybrids aid 1553 bus communication 

GaAs laser exhibits low aging rate 




I 



esigned wit 



If you could design your own uC before you designed 
your next uC-based system, you d probably specify the 

- 8048 type instruction set 

- hardware serial I/O and multi-transmitter capability 

- choice of memory capacity 

- three interrupt possibilities 

Add all that up and you'd be specifying our new 
8400 jiC family, one member of which is almost 
certainly exactly right for you. 

Euro pe ' s -'ore most C fa mi ly 

The 8400 family is Europe's foremast uC family and an 
exerting new development It's firmly based on the 
8048. which we manufacture in both the CISA and 
Europe. The 8400, however, has hardware serial I/O 
and multi-transmitter capability. Both these features 



are ideal for many of the applications listed below. ,-j 

Another significant feature of the 8400 family is the 
wide choice of memory capacity. This currently extends 

to 4K of ROM. 

True single-chip systems 

The advantages of the 8400 s design are obvious. 
There's no need to add other chips when you add up 
your memory requirements. Your software gets simpler 
because the serial I/O and multi-transmitter facilities 
simplify communication between uCs and peripherals. 
And simpler software makes more effective use of | 
available ROM capacity. 

These innovative hardware features are due tome 
8400's flexible architecture. This will also allow 
hardware customisation to be offered for large-volume 
applications, which could well be the competitive edge 
you're looking for in today s increasingly look-alike | 
marketing world. 







THE 8400 FAMILY IDEAL FOR: 



Audio 



Video 



Home Appliances 



Telecoms 



Office Equipment 



Instrumentation 



Process Control 



sty 
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SIEMENS 



The single-chip solution saves 
energy, space and costs 



The advantages of the single-chip 
solution are obvious: less expense 
during development and production, 
and less energy and space require- 
ments. 

Siemens produces a broad spectrum 
of powerful single-chip micro- 
computers with gradually increasing 
capabilities. This includes ROM- less 
versions especially well suited for 
small series production and for pilot 
runs during the development stage. 

The standard devices SAB 8021/22, 
8048/49 and 8051 contain all the 
functional elements of a digital 
computing system, including program 
memory and read/write memory - 
and with everything packed on one 
small chip. 

Our application-oriented computers 
SAB 80210, 80212, 80215 and 80218, 
in addition to the computational 



elements of a standard micro- 
computer, contain additional functions 
such as a/d converters, oscilJators, 
counters/clocks, timers, LED drivers 
and further parallel and serial inter- 
faces. The single-chip solution's space 
and cost advantages become 
especially apparent in the actual use 
of these computers - for example in 
entertainment, automotive, or house- 
hold electronics. 

Siemens provides strong support 
when you're writing applications soft- 
ware - with system consulting, 
powerful development systems, 
an extensive program library as well 
as programming courses in our micro- 
computer colleges. 
We will gladly provide further details - 
write to Siemens AG, 
Bereich Bauelemente, Infoservice, 
Postfach 156, D-8510 Fiirth, 
quote "single-chip microcomputer". 





Q/Pac high capacitance power distribution 
components are very much a part of the story 
behind modern, simplified and lower cost 
printed circuit board design. 
This was also Intel Corporation's experience 
when it designed its new high capacity series 



90 memory system, using the Q/Pac device 
and two layer circuit boards. Thus the finished 
boards exhibited extremely low noise levels. 
Mektron's Q/Pac components eliminate 
decoupling capacitors, printed power tracks 
and extra board layers. 




• Q/Pac components are essentially multitapped, elongated, 
ceramic capacitors, which also perform off the board power 
and ground bussing. 

• Q/Pac components offer a high capacitance combined with a 
low inductance and hence a low impedance. 

• Q/Pac components are available in capacitance values up to 
0,02 u F per cm in lengths up to 400 mm. 

• Q/Pac components can be obtained in two and three layer 
versions. Two different configurations allow mounting either 
vertically between the rows of IC's or horizontally under the 
IC packages. 

• Q/Pac components simplify and speed-up board lay-out and 
development, and reduce cost as on-board power tracks and 
discrete decoupling capacitors are eliminated. 

• Q/Pac components are very easy to install and increase the 
system reliability through reduced part count. 




M 



Mektron n.v. Af rikalaa n 188 B-9000 Gent Belgium Tel.: 091/23.59.67 Twx: 11553 

European subsidiary ol the IrfWjW Corp. USA O/Pac: registered Irade mark ol the Rogers Corporation USA and Mektron. 
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Benchtop tester 
handles variety of 
fiPs, RAMs, ROMs 

Plug-in modules adapt 
tester to handle particular 
families of components. 

Olivetti Tecnost (Turin, Italy) 
will introduce the T48C desktop 
LSI tester at the BIAS 81 exhibi- 
tion to be held Oct. 6-10 in Milan. 
The unit tests components func- 
tionally at nominal parametric 
values, as well as at the upper and 
lower tolerance limits of the com- 
ponent parameters. It can handle 
200 to 300 items per hour with 
manual loading. 

Plug-in units adapt the tester to 
specific families of LSI com- 
ponents. Each unit contains the 
hardware necessary for the spe- 
cialization, microprograms for 
testing an entire family, and a 
zero-insertion-force socket for 
the components to be tested. 
Plug-in units are available for the 
8080, Z80, 8035/8048, and G800 
families of microprocessors as 
well as for all the common RAM 
and ROM families. 

Tests are called up from the 
console, which is also used to im- 
pose the upper and lower toler- 
ance limits of the component 
parameters. The tests are re- 
peated in cycles, and detected 
faults are displayed on the con- 
sole in the form of error codes for 
each device. 

The T48C is comfortable with 
acceptance testing of components 
quality control in extended pro- 
duction lines, and fault diagnosis 
in repair laboratories, particu- 
larly where there is already more- 
expensive equipment but some 
additional testing capacity is 
needed. It is also suited to situa- 
tions where the production of cir- 
cuit boards with LSI components 



is not yet sufficient to justify a 
capital investment for a larger 
test system. 



British step up 
fiber-optic efforts 

British Telecom will install opti- 
cal-fiber systems covering 388 km 
between 1982 and 1984. Each 
cable will comprise eight optical 
fibers, with each fiber operating 
at 140 Mbits/s and carrying 1920 
two-way telephone conversations. 

Three GEC companies will coop- 
erate in developing the system. 
GEC Telecommunications Ltd. 
(Coventry, England) will design 
the overall transmission termi- 



nals and repeaters. GEC Optical 
Fibers will manufacture the high- 
quality, graded-index fibers, and 
Telephone Cables Ltd. will make 
the cable. 

The contracts to GEC are the 
second phase of optical-fiber sys- 
tems being introduced into the 
U.K. network by British Telecom. 
In the first phase, TCL manufac- 
tured 180 km of eight-fiber cable, 
more than 100 km of which has al- 
ready been installed by TCL and 
BT teams. When completed, the 
systems will constitute more than 
half the total installed optical- 
fiber capacity in the U.K. and 
should be the most comprehen- 
sive network of its type in the 
world. 



Analog-digital LED 
readouts aid 
radar displays 

Displays with an annular ring of 
100 separate LEDs combine with a 
three-digit readout to provide both 
an analog and digital data display 
for radar systems. They are being 
built by Chequers U.K. (London, 
England) for use in radar systems 
built by Racal-Decca Marine Radar 
(New Maiden, England). 

The dial, with stringent optical 



and mechanical specs, lines up 
with the LED displays within 
±0.003 in. This requires better 
than 0.003-in. accuracy in the 
locating keys on the back and the 
registration of the two stages of 
silk-screen printing. 

The dial material is a special 
gray filter to enhance the displays 
and is treated to reduce reflection 
and glare, thus improving legibil- 
ity under all lighting conditions. 
Hewlett-Packard (Palo Alto, CA) 
is making the complete displays 
for Racal-Decca. 
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Who lets you demultiplex 
and disassemble automatically? 



Thanks to dual clocking, both our new logic 
scopes separate the time-shared information 
found on multiplexed lines - all from the same 
simple connection and without need of 
demultiplexing latch arrangements. 

Our quasiparallel triggering mode lets 
you trigger immediately on data sampled by 
each of the clocks. One clock can 
control address sampling and the 
other data sampling, so you can 
trigger on address and data with 
more bits in the word than the number 
of inputs to the analyser. 

Add our disassembly option, 
and the instrument automatically sets 
up the sampling parameters for ease 
of use. With just one disassembly 
package, our analyzers will support 
the most popular 8-bit micro- 
processors, such as the 8048 family, 
8080, 8085, Z80, 6800 family and 
6500 family. 

Considering this level of 
sophistication, you'd expect our 
PM 3542 and 43 to offer all the other 
most-wanted logic analyzer features. 
You'd be right. 



For more information contact 
Philips office or write to: 
Philips Industries, Test and Measuring 
Instruments Dept. Building TQ III -62, 
5600 MD Eindhoven, The Netherlands. 




hilips, of course 



PHILIPS 




Test & Measuring 
Instruments 



PHILIPS 
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International Meetings 



International Electrical, Elec- 
tronics Conference and Exposi- 
tion, Oct. 5-7. Exhibition Place, 
Toronto, Ontario, Canada. 

Moderne Elektronica — Interna- 
tional Electronics Exhibition 
Oct. 5-9. Ljubljana, Yugoslavia. 

Opto 81, Oct. 6-8. Palais des 
Congres de la Porte Maillot, Paris, 
France. 

Electrical Engineering Exhibi- 
tion— ELFACK, Oct. 6-9. 

Gothenburg, Sweden. 

International Automation In- 
strumentation and Microelec- 
tronics Conference and Exhibi- 
tion, Oct. 6-10. Milan Trade Fair 
Premise, Milan, Italy. 

Vidcom '81, Oct. 9-13. Palais des 
Festivals, Cannes, France. 

Systems 81, Oct. 19-23. Munich 
Trade Fair Center, Munich, West 
Germany. 

Seventh Data Communications 
Symposium— 1981, Oct. 26-29. 

Mexico City, Mexico. IEEE. 

International Electrical Engi- 
neering, Measurement & Con- 
trol Exhibition, Oct. 27-30. 

Sydney, Australia. 

ELKOM 81, Nov. 3-6. Helsinki 
Fair Centre, Helsinki, Finland. 

China Coram '81, Nov. 3-13. Be- 

jing Exhibition Center, Bejing, 
People's Republic of China. 

Telecom '81 Germany, Nov. 4-6. 

Cologne, West Germany. 

Isratech '81, Nov. 9-12. Binyanei 
Ha'ooma Convention Center, Je- 
rusalem, Israel. 

Productronica 81 International 
Electronic Trade Fair, Nov. 
10-14. Munich Trade Fair Center, 
Munich, West Germany. 

Automatic Testing '81, Dec. 
8-10. Metropole Convention Cen- 



tre, Brighton, England. 

Communicasia — International 
Asian Electronic Communica- 
tions Exhibition, Dec. 9-12. 

Singapore. 

Data & Telecommunications/ 
Japan, Jan. 20-23, 1982. Ha- 

rumi Exposition Center, Tokyo, 
Japan. 

Electronics OEM Assemblies 
Exhibition, Feb. 2-4. The Royal 
Horticultural Halls, London, En- 
gland. 

International Exhibition of 
Semiconductor Production 
Equipment, Feb. 16-18. Rein- 
Maine-Halle, Weisbaden, West 
Germany. 

Seventh International Zurich 
Seminar on Digital Communi- 
cations, Mar. 9-11. Swiss Federal 
Institute of Technology, Zurich, 
Switzerland. 

International Conference on 
New Trends in Passive Compo- 
nents: Materials, Technologies, 
Processing, Mar. 29-31. Paris, 
France. 

Electronic Test & Measurement 
Exhibition '82, Mar. 30- Apr. 1. 

The Forum, Manchester, En- 



Sensors & Systems '82, Mar. 30- 
Apr. 1. The Forum, Manchester, 
England. 

Salon International des Com- 
posants Electroniques, Apr. 1-7. 

Pare des Expositions, Porte de 
Versailles, Paris, France. 

Electronics Production/Semi- 
conductor Expo, Apr. 15-24. Bei- 
jing Exhibition Center, Beijing, 
People's Republic of China. 

Communications 82, Apr. 20-22. 
The Birmingham Metropole 
Hotel, Birmingham, England. 
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Electronic Design 
Editorial Reprints can 

help you spot the 
trends all year long. 

□ 101. Designing LSI-based tele- 
communications systems. A 

six-part series of design engineer- 
ing articles. (32 pages) $4.00 

D 102. LSI for telecommunica- 
tions design. A two-part series on 
the wide range of new LSI devices 
emerging as the basis for new 
telecomm systems. (28 pages) 
$4.00 

D 103. Designing data-communi- 
cations systems. A five-part series 
of design engineering articles. 
(40 pages) $4.00 

D 104. The bubble-memory design 
challenge. A four-part series of 
design engineering articles cover- 
ing devices from Texas Instruments 
and Rockwell, as well as magnetic- 
bubble system test techniques. 
(20 pages) $4.00 

□ 105. Designing bubble memory 
systems. A five-part series of 
design engineering articles cover- 
ing devices from Texas Instruments, 
National, Fairchild, Intel and 
Rockwell. (28 pages) $4.00 

D 106. Designing 16-bit microcom- 
puter systems with the MC 68000. 

A four-part series of design 
engineering articles. (20 pages) 
$4.00 

D 107. Programming in Pascal. A 

six-part series of design engineer- 
ing articles. (36 pages) $4.00 

D 108. Fiber optics— Assessing a 
new technology. A five-part series 
on new components, cables, and 
systems applications. (20 pages) 
$4.00 

109. Fiber optics— Designing 
with a new technology. A five-part 
series of design engineering ar- 
ticles on coding, analog transmis- 
sion, connectors, emitters and ter- 
minations. (24 pages) $4.00 

D 110. Switching power supplies 
—Components, configurations 
and models. Seven design articles, 
including a four-part series on 
moving from 20-kHz to more than 
200-kHz operation. (44 pages) $4.00 

□ Microcomputer Operating Sys- 
tems wall chart. A 20 x 30-in. chart 
listing the features of more than 
100 operating systems for micro- 
computers. $2.00 

□ DR-1: Designer's Reference to 
semiconductor memories: PROMs 
and RAMs. Thirty-five pages of 
design data, including perfor- 
mance summaries and pinout 
sketches. $6.00 

Name 

Title 

Company 

Address 

City 



State 



Zip 



Send to: Electronic Design Reprints, 50 
Essex Street, Rochelle Park, N.J. 07662. 
Please enclose payment with your order. 
(New Jersey residents add 5% sales tax.) 



Network analysis 

for AF, video and IF circuits 




The new tuner plug-in ZPV-E 1 now extends the frequency range of the vector analyzer ZPV down to 10 Hz. 
So, together with the other tuner plug-ins, the E 2 (0.1 to 1000 MHz) and E 3 (0.3 to 2000 MHz), the ZPV now 
gives you an overall range of 10 Hz through 2 GHz. The ZPV-E 1 offers: 



a wide choice of parameters 

voltage 

phase 

impedance 

admittance 

group delay 

reflection 

VSWR 

s-parameters 



a broad range of applications 

control loops 

crystals 

crystal filters 

AF subassemblies 

video and IF subassemblies 

switching power supplies 

delay lines 



Rohde & Schwarz GmbH & Co. KG 
Postfach 80 14 69 
D-8000 Munchen 80 
Federal Republic of Germany 

Telex 523 703 (rus d) 
Phone internat. +(4989) 4129-1 
Independent concern 
(established 1933) 
represented in 80 countries 
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and features like 

frequency range 10 Hz to 50 MHz 
dynamic range > 1 10 dB 
sensitivity typically 1 /u,V 
listener/talker functions in line with 

IEC 625-1 (IEEE-488) 
high measuring rate 
switch-selected test bandwidths 

One basic unit and three inter- 
changeable plug-ins - that means the 
flexibility you need for uses from 10 Hz 
to 2 GHz, and at a price no similar unit 
can match. Ask for the new brochure: 
Info ZPV-E 1 

and if you're new to the world of the 
ZPV, ask for the 56-page 
Info "ZPV Applications". 




ROHDE & SCHWARZ 



Electronic measurements ■ Broadcasting 
Radio communications • Radiomonitoring 



CIRCLE 210 



InternationalProducfs 



Digital phase meter resolves 0.1° 




The 3'/2-digit display on Feed- 
back Instruments' DPM609 
phase-angle meter displays mea- 
surements of 0° to 180° with a 
resolution of 0.1°. Thanks to its 
two front-panel mounted LEDs to 
indicate which of two input 
waveforms is leading, the meter 
measuring a full 360°. 

The compact phase-angle meter 
works over the frequency range of 
10 Hz to 100 kHz. For the best 
performance for a given input 
waveform, sine-wave or logic in- 
put circuitry can be chosen by 
means of two front-panel push- 
buttons. The two symmetrical in- 
put channels, each with a re- 
sistance of 1 Mft, accept signals 
from 10 mV to 10 V rms for sine- 
wave inputs and from 1 V to 30 
V peak-to-peak for logic wave- 
forms. 



For efficient screening against 
interference, the DPM609's ABS 
plastic case has an inner coating 
of graphite. The instrument is 
burned in for a minimum of 24 h 
before calibration. Other instru- 
ments in the 600 line of test equip- 
ment include function generators, 
oscillators, an electronic watt- 



meter, a sweep-function genera- 
tor, a variable-phase generator, a 
transfer function analyzer, and a 
digital frequency meter. 

Feedback Instruments Ltd., 
Park Rd., Crowborough, Sussex 
TN6 2QR, England. (08926) 3322. 
Telex: 95255. 

CIRCLE 500 



mC module slides into Eurocard slot 



All the performance and effi- 
ciency of an 8085A-based com- 
puter is available on a single 
Eurocard module from PEP Elek- 
tronik Systeme GmbH. The 
Microcomputer Module MPM 
8085A is only 100 X 160 mm, yet 
incorporates enough computer 
power to function as a stand-alone 
single-board microcomputer in 
small and medium-capacity ap- 
plications. 

The module can mate with 
more than 50 memory, I/O, and 
control boards through its 64-way 
DIN 41612 style B connector. It 
has 46 TTL-compatible I/O lines 
and an optically isolated serial 
interface for connection with the 
outside world. 

The module requires only a 
single 5-V power supply to 
operate. Without EPROMs, its 
current drain is only 700 mA. The 
unit can handle up to 10 kbytes 



of EPROM and RAM, including 
2-k x 8 bits of CMOS RAM. An 
on-board battery supports the 
RAM for 2000 hours. 

Other features of the MPM 
8085A include a 14-bit program- 
mable timer, full DMA capability, 
five interrupt inputs, a control 



input for asynchronous hand- 
shaking, and a high-performance 
monitor program. 

PEP Elektronik Systeme 
GmbH, Gutenbergstrasse 9b, 
8950 Kaufbeuren/Allgau, West 
Germany. (08341) 5733,2429. 
Telex: 541233. CIRCLE 501 




Digital storage on the PM 3310 combines easy signal capture 
with sophisticated signal comparison and analysis. Here's how: 

• 50 MHz clock rate (fastest yet in a portable scope) retains 
signal detail for fast, single-shot phenomena. 

• 4 memories and 2 channels give multiple display modes 
over a 60 MHz bandwidth. 

» A trigger delay of -9 to + 9999 divisions that effectively 



stretches memory capacity and provides pre-/post- triggei 

• lEEE/IEC-Bus for systems operation and further signal 
analysis. 

• Multiple single-shot mode for capture of successive 
transients. 

• Plus TV triggering, X-t recorder type roll mode and 
X-Y recorder output. 




Two input channels and four memories 
allow eight traces to be displayed for 
detailed analysis and comparison. The 
in-house developed Profiled Peristaltic 
Charge Coupled Device (P 2 CCD) 
allows 50 MHz data to be sampled in a 
cost-effective manner. 



Easy operation is another big PM 3310 
plus. Parameter settings, for example, 
are stored with the relevant signals and 
can be recalled for display. 



An accurate -9 to + 9999 division trigger 
delay extends the basic benefits of A/D 
conversion. This facility is used here to 
pick out a particular TV colour burst. 

Philips Industries, TQ III-4-62, 
Eindhoven.The Netherlands. 




rom Philips, of cou 




Test& Measuring 
Instruments 



PHILIPS 



Hybrids aid 1553 bus communication 




Two hybrid circuits perform all 
the major functions required for 
communications on the MIL- 
STD-1553 data bus. The two 
packages — a bus driver/receiver 
and an encoder/decoder — are the 
first in a family dedicated to the 
1553, a versatile time-division- 
multiplexed serial data bus. 

A 1553 system transfers Man- 
chester II biphase-encoded data at 
1 Mbit/s with a bit error rate of 
only 1 in 10 7 . It operates asynchro- 
nously in a command-response 
fashion, allowing up to 32 systems 
to communicate on the same bus 
using a single master controller. 

To improve the signal-to-noise 
ratio, the FC 15535 bus driver/re- 
ceiver includes filtering on the 
receiver input. Other features are 
surge suppression on the bus in- 
puts and integral bus time-out 
circuit. The FC15535 is fully com- 
patible with transformer or 
direct-coupled connections. Pow- 
er dissipation is low — only 5 W at 
a 100% duty cycle. 

The FC15533 encoder/decoder 
validates data, performs Man- 



chester II encoding and decoding, 
and provides the interface be- 
tween a 16-bit parallel data bus 
and the 1553 multiplexed data 
bus. It contains a receiver, a 
driver, and bus time-out circuitry, 
a sync and parity generator/ vali- 
dator, and terminal address in- 
puts. 

The FC 15533 can be used as an 
additional redundant facility in 



conjunction with the FC15532 
dual-redundant remote terminal. 
The terminal implements all 1553 
protocols and contains 32 words 
of FIFO memory and a 16-MHz 
oscillator. 

ITT Components Group, Film 
Circuit Unit, Brixham Rd., Paign- 
ton, Devon TQ4 7BE, England. 
(0803) 550762. Telex: 1+2951. 

CIRCLE 502 



GaAs laser exhibits low aging rate 



Siemens' latest laser diodes are 
slow-aging devices that deliver 
consistent performance over their 
100,000 to 1,000,000 hours of oper- 
ating life. The diodes emit in the 
880-nm wavelength for enhanced 
data-transmission rates and dis- 
tances in recently designed fiber- 
optic cables. 

Changes in operating parame- 
ters of only 10" 3 %/h have been 
recorded during continuous 
operation at a 100°C case tem- 
perature. The very slight changes 
were noted after an operating 
period of several thousand hours. 
The extremely low aging rate 
recorded at high temperatures is 



expected to bring about a change 
in operating parameters of only 
10" 5 %/h at room temperature. 
Real operating times of over 
40,000 hours— about 5 years- 
have been measured at room tem- 
perature for diodes from an 
earlier stage of development. 




The specified output of the laser 
diodes is 5 mW for a strip size of 
3 x 400 ^m. At room temperature, 
the threshold current is approx- 
imately 100 mA. After continuous 
operation and case temperatures 
of up to 100°C, the threshold cur- 
rent only rises to 160 mA. 

The increase to an 880-nm 
wavelength from the 820-to-850- 
nm range currently found in 
data-transmission systems will 
reduce the attenuation loss in 
fiber-optic systems. 

Siemens AG, Postfach 103, 
D-8000 Munich 1, West Germany. 
(089) 2341. Telex: 52100-25. 

CIRCLE 503 
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INTERNATIONAL PRODUCTS 



Optical splitter mates 
to HP cables/connectors 




An optical splitter, Model TS- 
HP, mates directly with fiber- 
optic components from Hewlett- 
Packard, including transmitters, 
receivers, cables, and connectors. 
A 1:1 splitting ratio is standard 
with other ratios available on 
special order. A 100/140 fim 
core/clad ratio fiber, with a NA 
of 0.3, is used within the TS-HP 
splitter. 

Fibronics, M.T.M. Industrial 
Park, Haifa 31905, Israel. (04) 
536217. Telex: 46774- 

CIRCLE 504 



Microwave absorbers 
take high temperatures 

Because of their high-tem- 
perature capability, Eccosorb HT 
microwave absorbing bricks can 
be used in high-power applica- 
tions. The material is especially 
suited for lining metal housings 
used to cap radiating antennas. 
Although the exact power-han- 
dling capability of the material is 
dependent on the heat-transfer 
conditions, a typical value is from 
10 to 15 W/in. 2 . The lightweight, 
unicellular foamed ceramic bricks 
are 12 X 18 in. and have a nominal 
thickness of 2 or 3 in., depending 
on frequency coverage. The bricks 
can be stacked to produce a self- 
supporting wall. They also can be 
set into a housing with mortar, 
masonry-style. The edges can be 
mitered to create cylindrical 
structures. 

Emerson & Cuming (U.K.) Ltd., 
Colville Rd., Acton, London W3, 
England. 01-992-6692. 

CIRCLE 505 



Stripper processes 
120 wafers per hour 

A photoresist stripper, the 
Plasmaline 415, accommodates 
up to 50 four-inch wafers at a 
single time and will process 120 
wafers per hour (patterned posi- 
tive photoresist at 1.5-/um thick). 
The Plasmaline 415 uses a dry 
plasma technique to perform 
stripping. The method is less cost- 
ly than wet-chemical methods, 
requires less space, and produces 
identical results from wafer-to- 
wafer and from run-to-run. Three 
cycle-control methods are avail- 
able: a predefined timer shutoff 
cycle, an optical end-point detec- 
tion with cycle timer, and optical 
end-point with timer override. An 
impedance matching facility 
automatically tunes the rf input 
power for maximum processing 
uniformity. The Plasmaline 415 
measures 61 X 61 X 43.2 cm (24 
X 24 X 17 in.) and weighs 396 kg 
(180 lb). 

Microsystem Services, Duke 
St., High Wycombe, Bucks HP13 
6EE, England. (0494) 41661. 
Telex: 837187. 

CIRCLE 506 



Locking spring simplifies 
connector installation 

A locking spring on the covers, 
rather than on the connectors, 
simplifies installation of a series 
of inversed and standard PC- 
board connectors. The connectors, 
which range from 8 to 96 points, 
feature selective gold plating on 
the female contact surfaces. Con- 
nector forks are long for greater 
reliability and to reduce plug-in 
errors. Connections can be made 
from the backplane, rear, or front 
edge of PC boards. 

LM Ericsson Telemateriel AB, 
P.O. Box 401, S-135 24 Tyreso, 
Sweden. +468 742 40 00. Telex: 
109 20 Imsbo s. 

CIRCLE 507 



Half-key option uncovers 
panel legends 




A "half-key" option for Keylite 
switches allows legends to be 
marked on the key or the panel 
only. Legends marked on a panel 
simplifies enclosure production. 
In addition, even with an 
operator's finger on a key, obscur- 
ing the key marking, the function 
legend remains visible on the 
panel. The half-key option does 
not impair the use of LEDs with 
the Keylite switch. 

N.S.F. Ltd., Keighley, York- 
shire BD21 5EF, England. (0535) 
61144- Telex: 51270. 

CIRCLE 508 



Shaft encoders count 
up to 20,000 pulses/rev 

Resolver-to-digital shaft en- 
coders provide counts of up to 
20,000 pulses/revolution. The 
converters are mounted on stan- 
dard Eurocards with DIN 41612 
connectors. The absolute con- 
verter provides a combined ac- 
curacy (including resolver) to 
within ±10 minutes of arc with 
a maximum slew rate of 3000 
rpm. The output is 12-bit binary. 
TTL and control functions are 
provided for Busy and Inhibit. 
The incremental module provides 
4000 counts/revolution using a 
two-pole resolver or 20,000 pul- 
ses/revolution using a 10-pole re- 
solver. 

Moore Reed and Co. Ltd., 
Walworth Industrial Estate, An- 
dover, Hampshire, England. 
(0264) 4155. Telex: 47654. 

CIRCLE 509 
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Millivoltmeters measure 2 GHz; 
high performance/ low price 




700 mV to 1000 V 

(-50 to +73 dBm) 

for system impedances of 

50, 60 or 75 Cl 

high-impedance probe with 
add-on dividers (20 and 40 dB) 
insertion units for up to 350 V 
for coaxial measurements 
all measuring heads directly 
interchangeable - even with 
those of its predecessor, 
the URV 



Rohde & Schwarz GmbH & Co. KG 
Postfach8014 69 
D-8000 Miinchen 80 
Fed. Rep. of Germany 

Electronic Measurements and 
Radio Communications. Development, 
man ufactu re, sales and service. 
Known for "electronic precision". 
Independent concern (establ. 1933), 
represented in 80 countries. 



Analog millivoltmeter URV 3 

The standard voltmeter at a really 
low price 

■ rapid analog Indication 

■ line- or battery-powered 

■ ideal for mobile use too 
Simple and easy-to-understand 
operation with just a single range 
switch. For powering it you can use a 
battery, accumulator or line supply 
(consumption only 0.2 W). There's also 
a battery check and a recording output. 
The mechanical design in a compact 
and rugged case ensures good screen- 
ing against high electromagnetic fields. 

Digital millivoltmeter URV 4 

A must for systems applications 

■ digital and analog display 

■ resolution 1 

■ lEC-bus interface 



RF voltages or levels can be displayed 
digitally and at the same time their 
tendency indicated in quasi-analog 
form. 

The measuring range is selected auto- 
matically or manually. Zeroing is 
automatic and there's digital storage 
of the derived correction. That all 
means maximum operating ease: 
Just switch on and read off the 
value. What's more there's a level- 
proportional recording output covering 
83 dB. 

Over an IEC bus you get complete 
programming of all functions and 
conditioning of the measured values 
ready for further use. 



<8> 

ROHDE&SCHWARZ 
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I mpulse tester generates 
steep rise times 




A high-voltage, high-current 
impulse tester, the PEMI-12, 
generates pulses with extremely 
steep rise times. With a charging 
voltage of 12 kV maximum, the 
tester will generate peak impulses 
of more than 10 kV with rise times 
of less than 10 ns. The time to 
half-value is 400 to 800 ns. A 
current impulse is available from 
a separate output on the rear 
panel. The peak value is 1 kA. The 
rise time of the first oscillation is 
approximately 200 ns. An anten- 
na is available to help generate an 
electric field of 50 kV/m and a 
magnetic field of 150 A/m. The 
tester is built into a standard 19- 
in. module and operates from 115 
or 230 V ac, 50 or 60 Hz. 

Emile Haefely & Co., Ltd., 
Lehenmattstrasse 353, CH-4028 
Basel, Switzerland. (061)41 1817. 

CIRCLE 510 



Spring-loaded probes 
make test contacts 

Spring-loaded test probes make 
reliable contacts on PC boards or 
terminals. The probes have brass 
bodies and center pins of spring 
steel. The probes are finished in 
hard gold over copper. Part No. 
455-5185-01-03-00 is pointed for 
making contact with PC boards. 
Part No. 455-5185-02-03-00 is cup 
shaped for making contact with a 
terminal or connector pin. The 
probe can be mounted on a 0.1-in. 
pitch. The recommended inser- 
tion tool is the 435-5188-01-00-00. 

Cambion Electronic Products 
Ltd., Castleton, nr. Sheffield S30 
2WR, England. (01*33) 20831. 
Telex: 5UU- circle 511 



8-bit ECL DAC settles 
in only 5 ns 

An 8-bit ECL d-a converter, the 
SP9768, settles in only 5 ns. When 
used as a digital gain-controlled 
amplifier, bandwidth is 40 MHz. 
The device contains an internal 
reference voltage generator to de- 
rive the analog output voltage. An 
external reference is used to ex- 
tend performance to 40 MHz. The 
device comes in an 18-pin ceramic 
package and requires +5 V and 
-5.2 V. Apart from supply de- 
coupling, no external parts are 
required. 

Plessey Semiconductors, Kem- 
brey Park, Swindon SN2 6BA, 
England. (0793) 694994- 

CIRCLE 512 



CAD/CAM system 
meets future needs 

An interactive computer-aided 
design and manufacturing 
(CAD/CAM) system, called the 
CAM-X, expands via additional 
hardware to suit the growing re- 
quirements of a design and 
manufacturing facility. A com- 
plete system consists of design 
and drafting facilities, a three- 
dimensional modeller, a records 
data base, and numerical-control 
production information. A basic 
system includes a design worksta- 
tion with a graphics display unit, 
an alphanumeric display, a key- 
board, a tablet digitizer, and a 
pen-like stylus. Design instruc- 
tions are made to the computer, 
a DEC VAX, via menu com- 
mands. The modeller derives an 
accurate "solid" model of a part 
from details put in by the de- 
signer. The model can be dis- 
played on the screen and rotated 
on any axis. 

Ferranti Cetec Graphics Ltd., 
Bell Square, Brucefield, Liv- 
ings ton, Wes t Lo thian EH54 9 BY, 
England. (0506) 4H583. Telex: 
727898. CIRCLE 513 



Scanner acquires 
processing data 




A multipoint measuring and 
monitoring unit, the PM 4011 
scanner extension system, 
automatically supervises and ac- 
quires data on a wide variety of 
industrial processing parameters. 
The unit connects to several hun- 
dred different measuring points 
for automatic data reduction and 
presentation in useful form. The 
PM 4011 has inputs for a variety 
of high and low-level signal 
sources, such as strain gauges, 
transducers, pyrometers, thermo- 
couples, velocity meters, and 
voltage and current levels. The 
PM 4011 can be used in conjunc- 
tion with the PM 4001 data logger, 
or the PM 4012 acquisition unit to 
create a complete system. 

N.V. Philips' Gloeilampenfab- 
rieken, P.O. Box 523, 5600 AM 
Eindhoven, The Netherlands. 
040-757005. Telex: 51573. 

CIRCLE 514 



Compact relay offers 
low leakage 

A compact relay, the SGR 282, 
offers air gaps in excess of 14 mm 
to assure low leakage. The unit 
meets the safety regulations of 
VDE 0631/0730 and satisfies the 
CENELEC standard EN 50 020. 
The bottom of the relay is sealed 
and is unaffected by flow solder- 
ing. Switching capacity is 220 V 
ac at 6 A. 

Elesta AG Elektronik, Elestas- 
trasse, CH-7310 Bad Ragaz, Swit- 
zerland. 085-9-02 02. Telex: 74298. 

CIRCLE 515 
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Interface supports 
4 floppy-disk drives 

A floppy-disk interface card, 
the PEZ8009, supports up to four 
8-in. or three 5- l A -in. drives. The 
card, based on a Eurocard format, 
interfaces the Pronto Z80 
Eurocard family to single or 
double-density drives using single 
or double-sided floppy disks. The 
card interfaces directly to Shu- 
gart SA400, 450, 800, 850 and 
equivalent drives. The PEZ8009 is 
based on the FD1793 floppy-disk 
controller. A host Z80 micropro- 
cessor is synchronized to data 
transfer operations by the inser- 
tion of wait states. This elimi- 
nates the cost and programming 
overhead associated with SMA. A 
DIN 41612 connector is used. 

Pronto Electronic Systems 
Ltd., 1*66-1*78 Cranbrook Rd., 
Gants Hill, Ilford, Essex 1 G2 6LE, 
England. 01-554-6222. Telex: 
8951*213. CIRCLE 516 



Darlington transistors 
switch fast 

Two fast-switching Darlington 
transistors, the BU806 and 
BU807, operate in industrial 
switching circuits or function as 
the output transistors in TV re- 
ceiver horizontal deflection cir- 
cuits. Maximum power dissipa- 
tion is 60 W with a dc collector 
current of 8 A. Both devices have 
integrated speed-up diodes. The 
BU806 has a collector-to-emitter 
voltage rating of 200 V and a 
collector-to-base voltage of 400 V. 
Figures for the BU807 are 150 V 
and 330 V respectively. Both de- 
vices have a fall-time of 0.2 ^s at 
a collector current of 5 A. The 
transistors are supplied in 
TO-220AB packages. 

N.V. Philips' Gloeilampenfab- 
rieken, P.O. Box 523, 5600 AM 
Eindhoven, The Netherlands. 
040-757005. Telex: 51573. 
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txC uses CMOS 
for low-power operation 

A single-board computer uses 
all CMOS parts for low-power 
consumption. The board, based on 
an NSC-800 processor, includes 
sockets for eight 24-pin memory 
ICs, two serial I/O ports, and an 
interruptible real-time clock. A 
NiCd battery provides power 
backup for the clock and for 2 
kbits of CMOS RAM. Operating 
current is typically 35 mA at 5 V. 
An optional Akkumulator-Board 
permits operation, independent of 
power lines, for up to 48 hours. 
The board's processor is software 
compatible with the Z80 CPU. The 
board itself measures 100 X 160 
mm and is hardware compatible 
with Eurocard-sized Z80 systems. 

Elsa Gesellschaft fur elektron- 
ische Systeme m.b.H., Greven- 
berger Str. 38, 5102 Wurselen, 
West Germany, (021*05) 3737. 
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TEAC TOOK OUT 221SHES 
TO BUILD IN RELIABILITY. 



Controlled Frame 
Expansion 

We matched the 
thermal expansion rate of 
the frame to that of the 
media. Head 
misalignment is greatly 
reduced. 



Unique Long Life 
Brushless DC Motor 

So reliable (lifetime 
10,000 hours) 
that we let it run 
continuously. No 
motor start-up 
time. No electrical 
noise to bother 
CRT displays either 




Choice of 2 Recording 
Methods: MFM/FM 

Data capacity can be 
doubled using MFM. 
No write 

precompensation 
is necessary. 



Precision Head Seek 

The stepping motors 
used in floppy disks are 
creatures of strange 
habits, stopping more 
accurately at some steps 
than others. TEAC steps 
the motor 4 times per 
track, eliminating this 
type of error. 



The super-reliable brushless 

DC motor used in 

our FD-50 series 

5!4 Floppy Disk Drives 

lasts 10,000 hours. 



3 Models FD-50A/50C/50E, 
3 Formats 

The FD-50A is a single-density, 48 tpi, 
40/35 track model. In 35-track mode it 
is fully compatible with the Shugart 
SA-400. The FD-50C is a double-track- 
density, 1 00 tpi, 77 track model, and 
compatible with the 
Micropolis 1015. 
The FD-50E is an 
industry-standard 
double-track-density 
96 tpi, 80/70 track 
model. 



TEAC 



TEAC CORPORATION: 3-7-3 Naka-cho, Musashino, Tokyo, Japan Tel: (0422) 53-1 1 1 1 Tlx: 2822451 , 2822551 

• U.S.A. TEAC Corporation of America. Tel; (213) 726-0303* Canada R.H.Nichols Co.. Ltd., Tel: (416) 661-3190 • Hongkong Dah Chong Hong Ltd., Tel: 5-261111, 5-226258 • New Zealand W, & K McLean Ltd Tel' 587-037 

• Australia Jacoby Mitchell Pty. Ltd., Tel: (02) 26 2675 • South Africa Mayfair Sales (Pty) Ltd.. Tel: (011) 29-2921 • United Kingdom Tekdata Electronics Limited Tel: 0782 813631 • West Germany nbn Elek'tronik GmbH 
Tel: 08152/390 • Holland Simac Electronics B.V.. Tel: 40-533725 • Belgium & Luxemburg Simac Electronics, Tel: 02-219.24.53 • France Tekelec Airtronic S.A. Tel: (1) 534-75-35 • Italy AESSESPA Tel- 54 64 741-2-3 

• Spain Ataio Ingenieros S.A.. Tel: 733 0562. 733 3700 • Switzerland Wenger Oatentechnik, Tel: 061/50 84 84 • Denmark Danbit, Tel: (03) 141515 • Sweden Scanrele A8. Tel: 08-24 58 25 

• // no distributor is listed above in your area, please contact us directly for further details about our products. 
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INTERNATIONAL PRODUCTS 



Supply generates 
photomultiplier power 





A high-voltage power supply, 
the Photon 1500, generates the 
power required by photomultipli- 
ers. The unit is capable of positive 
or negative outputs at up to 1500 
V at current levels up to 3.3 mA. 
The output voltage is set via a 
built-in potentiometer, a remote 
potentiometer, or a remote 
voltage-programming signal. An 
output voltage monitor is pro- 
vided. Ripple and noise are 2 mV 
pk-pk at maximum output. Load 
regulation is ten parts per million 
for a to 100% load variation and 
a 10% line voltage variation. 
Stability is to within 0.005%/h. 
The supply requires a 22 to 30-V 
dc input at a maximum current 
of 0.5 A. 

Hartley Measurements Ltd., 
Kenward House, Hartley 
Wintney, Basingstoke, Hamp- 
shire RG27 8 NY, England. 
Hartley Wintney 3535. Telex: 
858733. 
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Software aids /JP 
data exchange 

A communication software 
package, The RT2848, aids the 
exchange of data between from 
two to 31 microprocessors of the 
8080/8085 or 8048 type. The com- 
munication protocol (similar to 
IBM's 2848) establishes connec- 
tions, handles error control (in- 
cluding retransmission), and 
gives software warnings for de- 
bugging. Three versions of the 
package are available for the 
8080/8085. One runs under the 



Intel RMX/80 operating system, 
one under Siemens' RTOS, and 
third which requires no operating 
system. The 8048 version of the 
package is given in assembly 
language source code. 

Elema S.p.A., Via Legnano, 26, 
20121 Milan, Italy. (02) 654908 
630839. Telex: 3U033 elema i. 
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20-W switcher offers 
5,12,15, or 24Vdc 



Ceramic pots withstand 
high temperatures 




A range of 20-W switching 
power supplies, the LSR 20 E 
series, provides outputs at 5, 12, 
15, or 24 V dc. Input voltage range 
is 220 to 372 V dc or 220 V ac, 
±20%. A built-in line filter at- 
tenuates noise in accordance with 
VDE 0875. Efficiency is between 
75 and 81%, depending on the 
output voltage. Input-to-output 
isolation is 4 kV rms. The unit is 
SEV tested. The outputs will 
withstand continuous open-cir- 
cuit operation and continuous 
short-circuit conditions. The unit 
will deliver its 20-W output over 
a to 71°C range with no derat- 
ing. An extended temperature 
range version is available for 
operation from -25 to +71°C. 
Logic-level switching is available 
as an option. 

Melcher Elektronische Gerate 
AG, Seestr. 8, P.O. Box 248, 
CH-8610 Uster, Zurich, Switzer- 
land. 01 9^09858. 
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A range of ceramic rheostats, 
available in 17 sizes from 4 to 500 
W, withstand high temperatures. 
Brush contacts are solid copper 
graphite or silver graphite. The 
winding core and the base are 
manufactured from a ceramic 
with a high heat resistance. The 
winding, the carrier, and the base 
are fused with a heat-treated 
vitreous enamel resulting in low 
wire temperatures and considera- 
ble overload capability. 

The Ashburton Resistance Co. 
Ltd., Threemilestone Industrial 
Estate, Truro, Cornwall TR4 9LG, 
England. (0872) 77431. Telex: 
45453. CIRCLE 522 



Foil sensor checks 
pipe temperatures 

A foil sensor, the Thermophil 
4024, detects the temperature of 
pipes and other objects with large 
heat-transmission areas and 
small heat capacity. The sensor 
quickly acquires the temperature 
of the object with which it is in 
contact. The probe wraps around 
a pipe and fastens to it with a bur 
lock. The sensor material with- 
stands temperatures up to 185°C. 

Ultrakust-Geratebau GmbH & 
Co., KG, D-8375 Ruhmannsfel- 
den, Postfach 20, West Germany. 
(09929) 1322. Telex: 069124. 

CIRCLE 523 
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Let your fingers 
find the best 
deal around! 



Look no further. The factory or workshop you need is 
ready for you now. For qualifying manufacturing 
industry there are full 22% Regional 
Development Grants and tax allowances. 
For many more sound reasons for 
choosing Skelmersdale, telephone 
John Leigh today. 

f j^S^ Skelmersdale Development Corporation, 
\ Pennylands, Skelmersdale, 
M m — 1 Lancashire WN8 8AR. 

Telex: 628259 SKEMDC G. 
Telephone: Skelmersdale (0695) 32123. 




Skelmersdale 32123 
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Logic Analyzer ! 

Simultaneously displays the timing of 8 channels at a sampling 
rate of up to 100 MHz and the state of 16 channels at a sampling 
rate of up to 20 MHz so that it's ideal for the analysis of the 
time relationship between timing and state. 




The Iwatsu SL-4601 analyzes the mutual relationship 
between software and hardware in real time. Timing 
and state data obtained at different sampling rates 
can be displayed on the same frame; the timing 
relationship between the two can be analyzed easily. 
8 channels of combination trigger and glitch trigger 
are provided; it also has a missing trigger function. 



• 3 ns glitches detectable 

• 1024-bit main and reference memories 

• 7-inch electrostatic deflection CRT 

• 2 external clock inputs for time-sharing 
bus signal measurement 

• 4-level sequential trigger 

• Easy time delay setting 

• Set parameters protected by back-up battery 



IWATSU ELECTRIC CD., LTD 



ASAHISEIMEI BLDG., 2-1 -3 NIHONBASHI, CHUO-KU, TOKYO, 103 JAPAN TELEX: J24225 TELEIWA 
« Austria: Universal Elektronik Import GmbH 54 15 88 ■ Canada: Associated Test Equipment Ltd. (416) 497-2208 ■ Chile: Importadora Janssen Y Cia. Ltda. 72 3956 
• Denmark: Danstrument aps (03) 28 34 31 ■ England: ITT Instrument Services 0279 29522 ■ Finland: Oy Etra AB 780 122 ■ Italy: Radiel Spl (02) 213.30.56 
■ Netherlands: Klaasing Electronics BV 01620-51400 ■ New Zealand: G.T.S. Engineering Ltd. 546-745 ■ Norway: Solberg & Andersen A/S (02) 19 10 00 ■ Sweden: 
Teleinstrument AB 08/38 03 70 ■ West Germany: NBN Elektronik GmbH (0 81 52) 390 
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CIRCLE 213 



Anyone can promise you a telephone line circuit 
as good as ours. For 1983. 



Promises, promises. They're OK if you can put everything on 
hold and gamble on the outcome. But you don't have to. 

ITT North Microsystems specializes in service to the telecom- 
munications industry. Over 500,000 of our solid state subscriber 
line interface circuits (SLIC s) are in service today, meeting central 
office specifications. 

Now we are proud to introduce a new generation of a proven 
design. VES™. Value Engineered SLIC. 

VES is available in both central office (2001) and PBX (2002) 
versions, and features lower cost, improved power dissipation and 
superior performance. 



VES meets or exceeds industry standards for longitudinal 
balance, transhybrid loss and idle channel noise. 

What's more, we can deliver production quantities! 

It's your choice. You can lie back and wait for the promises 
of tomorrow. Or you can specify ITT and get the latest technology 
at the lowest cost. 

Today. 

For more information, contact ITT North Microsystems 
Division, 700 Hillsboro Plaza, Deerf ield Beach, FL 33441. 
Phone: 305/421-8450; TLX: 51-2329; TWX: 510-953-7523. 



Ill 



ITT North Microsystems Division 
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Technology 



Advances in read/write heads, magnetic materials, and protective 
coatings will expand capacity and reduce costs while maintaining 
magnetics' supremacy in nonvolatile storage. 



R&D benefit all aspects 
of magnetic recording 



Research into virtually every aspect of magnetic 
recording technology promises the benefits usually 
associated with solid-state advances: greater density 
and lower cost. As a result, higher-capacity storage 
devices for computer peripherals are in the offing, 
and at prices that will maintain magnetics' 
cost/performance advantage over semiconductors 
for nonvolatile storage. Besides, although semicon- 
ductors win hands down for main memory, because 
of their speed, even if their price was competitive, 
they cannot compete with the nonvolatility, re- 
movability, and portability of disks and tape in 
loading programs, storing operating systems, and 
backing up the storage of critical data. 

The major push by industry is to increase bit 
density, and to that end, most magnetic research is 
focused on the interface of the recording head with 
the recording material (Fig. 1). Although the physics 
of writing and reading Is and Os is straightforward, 
the interactions between the magnetic coating of the 
medium, the head, and the electronic circuitry is 
complex. Furthermore, a complicated interaction 
among flux density, coerciv- 
ity, the physical properties 
of the material, ambient 
conditions, and even the size 
of the magnetic particle 
must be taken into account. 
Only by understanding 
these interactions will 
magnetic recording ap- 
proach its limits. 

Fundamental limit 

According to Geoff Bate 
of Verbatim (Sunnyvale, 
CA), an estimate of the fun- 
damental limit to bit and 

Len Yencharis, Computers 
& Peripherals Editor 




track density on flexible disks may be derived in the 
following way. Since the signal obtained from the 
recording medium depends on the number of 
magnetic particles per unit volume, n, and the 
particle noise depends on Vn, the signal-to-noise 
ratio can be maximized by maximizing that 
parameter. Of course, the goal is to have the largest 
possible number of particles in each unit of volume. 

To achieve that, the manufacturer can use smaller 
and smaller particles, but the size of the particles 
at which stable ferromagnetism ceases to exist sets 
a limit to this process. The time for which a given 
magnetic state is stable is an extremely sharp 
function of the ratio of the volume of the particle 
to the absolute temperature. 

Bate cautions that the stability time is such a steep 
function of this ratio — decreasing by ten orders of 
magnitude for every doubling of the latter— that 
particles of almost all shapes and compositions 
become unstable at room temperature when the size 
drops below 200 A. Choosing 500 A as an average 
particle size at which the state is stable for archival 

times of 30 years, Bate 

estimates that the ultimate 
bit density is 2 X 10* 
bits/mm, or 5 X 10 s bits/in. 

Magnetic media for high 
bit densities will usually 
have to be highly coercive to 
resist the increased effects 
A of demagnetization that 

■JP follow a reduction in bit 
length. The remanent mag- 
netization, which is the 
product of the magnetic par- 
ticle's remanence and the 
loading factor, or external 
mechanical force on the 
head (Fig. 2), will have to be 
optimized carefully, since 
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whereas too high a remanence yieias sen-aemagne- 
tization, leading to low amplitude, overlapping 
pulses, and peak shifts. The oxide coating must be 
thick to reduce both recording demagnetization and 
self-demagnetization, which ensures that old data is 
erased by the writing of new data (Fig. 3). 

In the case of a flexible-disk drive, striction effects 
may occur between the smooth diskette and the head 
and cause speed variations or, in extreme cases, 
prevent the disk from rotating. The ability to achieve 
high track densities inexpensively— that is, with 
simple track-following servos or, better still, with no 
servos at all— depends on how accurately the track 
location can be controlled or predicted. 

At present, all flexible disks use films of polyethyl- 
ene terephthalate (PET) 3 mils thick as substrates. 
Keep in mind that PET has a thermal coefficient of 
expansion of between 15 and 21 ppm/°C and a 
hygroscopic expansion coefficient in the range of 9 
to 15 ppm/% RH. Furthermore, these properties are 
anisotropic, so that a circular track can become an 
irregular oval. This instability limits the achievable 
track density to slightly more than 100 tracks/in. 
on drives that do not have a track-following servo. 

To achieve a 150-track/in. floppy disk, the 
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and outer-diameter servo tracks and then using a 
linear interpolation to predict the position of the data 
tracks. The process can be repeated frequently when 
a disk is first inserted and less frequently as the disk 
stabilizes. 

The choice of magnetic particles for a flexible disk 
goes beyond the selection of a highly coercive 
material (see Table 1). The particles must be uniform 
in shape and size and as free as possible of dendrites 
and pores. They must also have a narrow switching 
field distribution. What's more, the particles have 
to be nonabrasive to minimize head wear. Finally, 
they must be chemically compatible with the binding 
polymers and easily dispersible. 

In contrast to rigid disks, where the particles are 
oriented circumferentially and each disk is coated 
individually, flexible disks are coated in web form 
(that is, as a continuous piece of material, before the 
disks are cut out). Since circumferential orientation 
cannot be achieved with flexible disks, a random 
distribution of particles is needed to reduce the 
modulation of the signal envelope as the disk rotates. 
To minimize the amount of mechanical orientation 
that takes place during coating, particles have to be 




Coating 



specific surface 
particle loading 
thickness 
carbon black 
binder 
lubricant 
PH 

area 

substrate r 



\ 



stability 



bits/in. X tracks/in. X area = capacity 



durability 
friction 
resistivity 
transmissivity 



4^ 



-speed stability 



Recording 
performance 



Mechanics 



♦ 

time* head Portioning I 

I L 



Circuit 



write current f(tlme) 
peak detection 
clock window 
response time 
bandwidth 

: tracking servo 



1 . Optimizing the interactions among the magnetic coating, the head, the mechanical properties of 
flexible disk recording, and the electronic circuitry is difficult because of their complexity. A recording 
head may not have the necessary saturation flux density for highly coercive materials, while the coating 
of the disk (or tape) could conceivably abrade the head. (Courtesy of Verbatim Corp., Sunnyvale, CA.) 
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of low acicularity (crystallike). 

Conductive carbon blacks are commonly added to 
tape and flexible-disk formulations to decrease their 
resistance to the point where static charge cannot 
build up. Accumulation of charge is undesirable 
because, in extreme cases, the force of attraction 
between a charge and its image induced in a conduc- 
tor can be strong enough to affect the motion of the 
disk. More commonly, the discharge of accumulated 
charges creates noise spikes in the head. 

The most severe problems with recording media 
are related to physical, chemical, and mechanical 
interactions which take place at several interfaces: 



Loading force 



Write \ 












i Read 




K. 







Iron oxide 
coating 



2. The loading force on the read/write head in disk recording 
technology determines the flying height of the head above 
the disk. The decrease in loading force from 350 to 1 grams 
with Winchester technology makes it easier to achieve higher 
recording densities. 



On-track bit shift (Intersymbol interference) 
H j« Early bit shift 



Composite signal 




Late bit shift 



Off-track bit shift (old Information phasing 
Due to track misregistration) 

B" snlf1 - — Composite signal (peak shifted) 

On-track signal 

/ — Off-track signal (prior recorded signal) 



Composite signal 



Defect bit shift 
1 2 



Head 
element 





Increased late 
bit shift 



•Dotted line indicetes the signal 
path without any delect bit shift. 



Recorded transitions 



3. Read/write errors in magnetic recording for disks are the 
result of time-domain failures, designated as bit shifts. The 
major contributors to bit shifting are pulse crowding, where 
adjacent bits can cause interference with shifts in timing 
pulses of the read-back signal, and the phasing in of old 
information with the read signal, which is produced by track 
misregistration and disk defects. 



between the substrate and the coating, between the 
binder polymer and the particles, and between the 
coating and the head. 

The coercivity of iron oxide particles can be in- 
creased by adding a small amount of cobalt. If the 
cobalt is first adsorbed on the surface of the acicular 
particles of iron oxide and the particles are then 
heated, a surface layer having a structure approx- 
imating that of cobalt ferrite is created. In this way, 
it is possible to make particles of cobalt-impregnated 
iron oxide whose coercivity reaches 800 oersteds. 
Chromium dioxide's coercivity, in contrast, is 470 Oe. 
Recently, Cr0 2 particles have been made with 
coercivities in the range of 560 to 680 Oe, but print- 
through becomes a problem as the coercivity reaches 
700 Oe. Print-through is the transfer of a magnetiza- 
tion pattern from one layer of the recording medium 
to adjacent layers; it is caused by the instability of 
the magnetic properties of the particles with respect 
to temperature and size. In this case, the thermal 
instability of Cr0 2 is incompatible with the high 
curing temperatures of the epoxy binders used in, 
for example, Winchester disk coatings. 

Even optical properties are important 

For many applications, the electrical and optical 
properties of the coating are important. The timing 
signal of flexible disks comes from a light beam 
passing through holes in the disk and its jacket. The 
correct operation depends on the opacity of the 
coating at a wavelength of 900 nm, which in turn 
is determined by the combination of binder, lubri- 
cant, and dispersant. 

Coercivities can be increased to levels of 500 Oe 
for iron oxide, 700 Oe for Cr0 2 , 800 Oe cobalt- 




4 When used as a bidirectional transducer, an inductive head 
can read servo information and write data simultaneously. 
This capability, which can be applied to the buried servo 
scheme, depends on the widths of the magnetic wavelengths 
entering into the pole tip region. (Courtesy of IBM, Tucson, 
AZ.) 
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Memory Technology: Magnetics 



modified iron oxide, and 1100 Oe for metal particles. 

Of all the particles developed for tape and rigid- 
disk coatings, no one is best in all respects. Iron oxide 
particles have the highest coercivity and saturization 
magnetism, but such particles made from 
lepidocrocite, the most commonly used magnetic 
material, have the narrowest switching field dis- 
tribution in tapes and the highest magnetic orienta- 
tion ratios. Chromium dioxide particles, on the other 
hand, have more particles per unit volume and larger 
specific surface area by virtue of their small size, 
lower density, and higher packing factor. 

Positioning the head 

Current head-positioning servo methods require a 
spatial separation between the servo information 
and the data. This separation limits the accuracy 
with which a head-positioning system can follow a 
data track. A possible way around this drawback is 
the buried servo track. This technique allows in- 
formation to be recorded in the same area of the disk 
as is used for data. In fact, a single head can be used 
for both servo information and data (Fig. 4). 

Compared with dedicated head-positioning and 
sectorized servo tracks, the buried servo concept 
clearly has the potential for higher track densities, 
since the servo information takes up space that could 
otherwise be used for data. What's more, a dedicated 
servo track requires a separate read head that must 
be fixed positionally with respect to the read head, 



and that is difficult and costly to accomplish. In 
sectorized servo tracks, with interleaving sectors of 
servo information and data on the same track, a 
common head reads both the data and the servo 
signal, but at different times, which, like the physical 
separation of a dedicated servo track, limits the 
positioning accuracy. In addition, a compromise 
must be made between the amount of the track used 
for the servo information and the performance of 
the head-positioning system. 

To "bury" the servo information, data must be 
written over the servo signals without altering them. 
The simultaneous use of a single head for both 
reading and writing data as well as for reading the 
servo information must therefore be coupled with 
the use of a biased pulse to write data in order to 
reduce the low-frequency content of the data signals 
(see Electronic Design, Aug. 6, 1981, p. 36). 

Heads for higher densities on floppy-disk drives 
may be made of hot-pressed manganese zinc ferrite 
that can provide up to 40% higher output voltages 
than nickel zinc ferrite types. Also, the Permalloy 
core can be made smaller to allow increases in track 
densitiesup to 150 tracks/in. andbeyond.Forexample, 
Burroughs (Westlake Village, CA) reduced the core 
structure up to its MD122 floppy-disk drive to a third 
its former size. It is now made up of 4-mil read/write 
and 2-mil erase geometries. 

Perhaps even more significant is the reduction in 
thickness of the flexible disk's oxide coating from 100 



Table 1. Comparing properties of magnetic recording media 



Properties 


Standard 
Fe 2° 3 


Fe 2 3 / 


Cr0 2 


Cobalt- 
substituted 
Fe 2 3 


Cobalt- 
impregnated 
Fe 2 3 


Metal 


Particle length (Mm) 


0.2-0.5 


0.2-0.5 


0.2-0.5 


0.2-0.5 


0.2-0.5 


Unknown 


Particle acicularity 


5:1 


5:1 


10:1 


1:1 


5:1 


Unknown 


Coercivity range (Oe) 


250-350 


300-400 


450-575 


300-600 


300-600 


1000-1150 


(kA/m) 


19.9-27.8 


23.8-37.3 


35.7-45.7 


23.8-47.6 


23.8-47.6 


7.94-91.3 


Saturation magnetization (EMU/g) 


74 


74-82 


70-80 


70-74 


70-74 


160 


(MWb = m/kg) 


92 


92-102 


87-99 


87-92 


87-92 


198 


Size uniformity 


Poor 


Poor 


Average 


Poor 


Poor 


Unknown 


Dispersibility, orientability 


Average 


Average 


Good 


Average 


Average 


Poor 


Temperature sensitivity 


Good 


Good 


Average 


Poor 


Poor 


Good 


Stress, impact sensitivity 


Good 


Average 


Good 


Poor 


Poor 


Good 


High-density output 


Poor 


Average 


Good 


Average 


Good 


Good 


Abrasivity 


Average 


Average 


Poor 


Good 


Good 


Good 


Head cleaning 


Average 


Average 


Good 


Poor 


Poor 


Average 


Time dependence of 














magnetic properties 


Good 


Average 


Poor 


Poor 


Average 


Unknown 


Pass dependence of 














recording performance 


Average 


Poor 


Good 


Poor 


Average 


Unknown 


Approximate cost ($/lb) 


0.50 


1.0 


5.00 


1.50 


2.00 


9.00 (estimat 



Source: Verbatim Corp. 
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The electronics industry is proliferating and we're 
staying on top of its fuse needs. 

With design and manufacturing capability, that's 
light years ahead. Of the 14,285 fuses we make, the fastest 
growing segment is electronics. Over 3,000 types of Buss 
electronics fuses, clips, blocks and accessories. 

With special types like the MDL time-delay fuse. It 
absorbs up to five times normal current for 1 seconds with- 
out nuisance tripping, yet protects sensitive circuits and 
components by clearing safely in one half a wavelength on 
dangerous shorts. 

With Buss reliability which comes from testing 
each fuse individually, both electrically and mechanically. 

With Buss technical backup in literature, traveling 
fuse seminars and the industry's largest corps of technical 



people, to help you with applications. 

If you are looking for simple, no-nonsense circuit 
protection, get Buss and everything that goes with it. 

See your Buss distributor for products. See your 
Buss sales representative for applications assistance. 
Bussman Division, McGraw-Edison Company, P.O. Box 
14460, St. Louis, Mo. 63178 (314) 394-2877. 




Bussmann 

ELECTRONICS PROTECTOR NUMBER ONE. 
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density of 7000 bits/in. and 150 tracks/in. 

Another noteworthy reduction is the size of the 
disk that Sony decided to use in its recently an- 
nounced floppy-disk drive (ELECTRONIC DESIGN, 
June 11, 1981, p. 46). The 3V2-in. disk features a 
coercivity of 500 Oe and is coated with cobalt- 
modified ferric oxide. In addition to having an 
impressive recording density of twice that of conven- 
tional minifloppies, the drive incorporates a tunnel 
erase head with a narrow track width. The head's 
core is manganese-zinc crystal ferrite, and the 
read/write gap is 2 /im. 

Magnetic recording has evolved from an entertain- 
ment medium into a highly sophisticated method of 
information storage that extends into virtually every 
sphere of data communications and processing. 
Rigorous applications, such as those of large, modern 
tape drives used with computer systems, subject the 
write/read magnetic head to nearly continuous 
operation at high tape speeds — frequently on the 
order of 100 to 200 in./s. Eventually, the head wears 
out because of the abrading action of the magnetic 
tape's oxide coating against the head's face (the pole 



more frequently, the faster the head is abraded. 

Magnetic heads used in data processing are 
multichannel types that form the vital transducing 
links between the magnetic tape and the sensitive 
electronic read/write drive circuits. These circuits 
are readily affected by changes in the head 
performance due to wear, requiring continual adjust- 
ments to prevent loss of data as wear progresses. 
These adjustments are inevitable when recording 
heads are constructed from conventional materials, 
like Mu-metal, aluminum, or brass. Even chrome- 
plated heads ordinarily must be replaced during the 
lifetime of most tape drives. 

Ceramic-coated materials have shown better wear- 
resistant properties. The hard coating protects the 
soft magnetic core from the harsh abrading action 
of the tapes. One restraint is that the ceramic coating 
must not cover the gap area in the magnetic core, 
as that is the sensing portion of the magnetic head. 

Normally, the spacing between the recording 
medium and the gap should not exceed 20 niri., and 
in some cases must not exceed 10 /An. However, such 
a thin wear-resistant coating would not extend 



How a thin-film 

Recording heads are now being fabricated with thin- 
film semiconductor processes as part of the drive for 
higher recording densities in magnetic storage. Such 
heads made with the same processing steps as for ICs 
— photolithography, electroplating, vacuum deposi- 
tion, and plasma etching — are already in a few disk 
and tape drives, and many more are in the works that 
will eventually find their way into, for example, giga- 
byte disk drives. 

As an example, consider the 18-channel thin-film 
head from Nortronics (Minneapolis, MN) used in V2- 
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head is made 

in. tape drives. Instead of being a coil of wire, the 
head's inductive circuit is a thin-film conductor de- 
posited as a spiral on the substrate. The core is 
Permalloy, a mixture of nickel and iron. As major 
steps in fabrication, the company employs plasma 
etching, electroplating, and sputtering. 

A planarization layer of polyimide is employed 
around the bottom pole for good step coverage of 
subsequent thin-film layers. The polyimide is plasma- 
etched in electrically excited oxygen gas to form the 
pole region (a). A high-frequency electric discharge 
at low pressure breaks down the oxygen molecules into 
a variety of ions and free radicals. The free radicals 
attack the polyimide but do not react with the 
aluminum mask. 

Next, the pole region is back-filled with Permalloy 
by electroplating (b) in order to achieve the necessary 
thickness in an adhering stress-free form. The process 
is set up with an acid sulphate bath whose pH is 
carefully controlled. The solution is then electrolyzed, 
using a galvanostat to control the current density to 
ensure that the film is void of magnetostrictive 
elements. A magnetic field is applied during deposi- 
tion to induce the preferred magnetic anisotropy. 

During sputtering, ions of an inert gas like argon 
are accelerated into a target consisting of a suitable 
material. These ions knock free atoms from the target, 
which deposit themselves as a film on the substrate. 
Sputtering allows layers of different materials to be 
vacuum-deposited on top of each other to form a 
completed circuit (c). 
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THE LATEST MP SWITCH 
TECHNOLOGY HAS JUST 

BECOME OLD HAT! 




An old-hat technology in a 
solid-state world, the electro- 
mechanical DIP switch has 
changed very little in the past 
few years. 
That's the bad news. TM 
The good news is NOVRAM. 
It's the world's first 5V-program- 
$502* mable, nonvolatile static RAM. 

And it performs all the logic 
functions of a DIP switch- 
without its electromechanical shortcomings. 

With NOVRAM, you never need worry about checking 
incoming parts, manual assembly and test, customer 
access doors, field service hassles, new FCC/EMI specs, or 
environmentally induced failures. Plus, a single NOVRAM 
X2210 with 64 x 4 bit organization can replace up to 256 DIP 
switches. So you can save lots of space on your board, 
offer more competitive functions, and reduce board 
assembly costs dramatically. 

But that's just the beginning! Because NOVRAM is 
software programmable, you can reprogram configuration 
data with the keyboard. Remotely, if you want. Or by down- 
loading your system. 

In normal mode, NOVRAM functions as a conventional 
5V static RAM, with a 300ns access time. But a single TTL 
signal moves all RAM bits into NOVRAM's unique on-chip 
nonvolatile memory (E 2 PROM). And another TT L signal 
brings all the data back whenever you want It. 

Trading our NOVRAM for your old DIP switches will ;i - 
mean lower assembly costs, greater board density, 
improved reliability, lower field service costs, 
and increased capability for your system. 

*10K price domestic only. 
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FREE Evaluation Part! Once you see the benefits of design- 
ing with software programmable NOVRAMs, you'll never 
specify DIP switches again. We're willing to bet on it. Simply 
send us a description of your application on your company 
letterhead, and we'll send you a NOVRAM X2210 absolutely 
free. Xicor, Inc., 851 Buckeye Court, Milpitas, CA 95035. 
Phone:(408)946-6920. 
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magnetic head life appreciably, since it would wear 
off relatively quickly. 

In the case of Life Time Ceramic (LTC) heads from 
Nortronics (Minneapolis, MN), ceramic extends from 
both sides of the magnetic head area that is in contact 
with the recording medium. Of course, it does not 
cover the magnetic core gap itself, nor does it cover 
the necessary width of the magnetic core on either 
side of the gap, which must be exposed to the 
recording surface for signals to be recorded and 
played back accurately. 

During operation, the ceramic supports the 
magnetic recording surface across the soft Mu-metal 
cores while still allowing the core gap to make 
intimate contact with the magnetic recording media. 
This contact will remain stable for an extended time. 

Other wear-resistant materials that have been 
tested include chrome plating, molybdenum, tribaloy 
and tungsten, and tungsten carbide. 

The shallow-throat problem 

Two well-established types of inductive thin film- 
head design — the helix and the spiral — have evolved 
for disk drives, both having a yoke structure common 
to virtually all thin-film conductors. Each type has 
a long list of advantages and disadvantages. As for 
the latter, neither type of head, for example, can 
achieve a high magnetic efficiency or ease of film 
processing using conventional photolithographic 
techniques. Another drawback of both designs is the 
small height of the throat, which runs the risk of 
early degradation of the head's electrical perfor- 
mance due to even a small amount of wear. 

The first commercially announced thin-film head 
for tape drives (ELECTRONIC DESIGN, Nov. 8, 1980, 
p. 28) eliminates the accepted yoke structure and 
replaces it with one that lends itself to the application 
of thin-film conductors away from the critical throat 
area of the yoke (see "How a Thin-Film Head Is 
Made"). The output characteristics of the isolated coil 
design compare favorably with these of a 




1: substrate; 2: leading shield, Ni-Fe, 2.5 ixm; 3 and 7: 
SiO s , 0.65 *im; 4 and 6: magnetoresistive stripes, Ni-Fe, 
50 nm thick, 8.75 /*m high; 5: SiOj, 0,5 ^m; 8: trailing 
shield/leading write pole, Ni-Fe, 2.0 ^m; 9: write con- 
ductor, Cu, 2.0 nm; 10: trailing write pole, Ni-Fe, 2.0 urn. 
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5. A magnetoresistive read head lends itself to applications 
in recording systems with very high track densities because 
of the high ratio of its output signal to the track width. 
(Courtesy of Information Magnetics Corp., Goleta, CA) 



magnetoresistive (MR) read head. Furthermore, it 
makes optimum use of the track width for any 
number of turns. 

The design, aimed at Vfe-in. tape, features over 20 
turns/ track and can be made with a minimal number 
of processing steps. Even better, placing the top pole 
to the side of the bottom pole yields a less restricted 
throat height. That results in turn in a longer 
magnetic yoke length, but it is more than com- 
pensated for by the reduced flux leakage between 
the poles. 

Both floppy and Winchester disk drives do not yet 
have the luxury of two-gap heads or separate erase 
heads, as these, for all practical purposes, require 
a magnetoresistive approach (Fig. 5). Only the tape 
drive heads fall into this category for the time being. 
The problem is the development of magnetoresistive 
heads. Such activity for Winchester disks has in- 
tensified in the past few years, but the only an- 
nounced product development has been by IBM at 
technical conferences (ELECTRONIC DESIGN, June 11, 
1980, p. 46). 

Present ferrite-based digital recording head 
technology, which now supports 3 to 6 Mbits/in., is 
rapidly reaching practical limits. Thin-film tech- 
nology offers areal densities of 10 Mbits/in. initially 
and the potential of reaching densities of 100 
Mbits/in. The scenario that many experts agree on 
is this: thin-film heads in conjunction with thick 
particulate media will increase densities to 15 
Mbits/in. 2 by late 1981, then thin particulate media 
will be used to boost areal densities to greater than 
20 Mbits/in. 2 . By 1985, combinations of thin-film 
media and thin-film heads will push areal densities 
to 35 to 40 Mbits/in. 2 . From 1990 on, when vertical 
recording will become the primary technique for 
digital data, projections are that areal densities will 
hit 60 Mbits/in. 2 . 

The drive to announce disk drives with thin-film 
heads is undeterred by the fact that there are two 
different processing approaches to fabricate such 
heads. One approach is to use an inductive 
read/write transducer in which the coil structure can 
be arranged in two layers to maximize the coil's 
efficiency and to minimize the distance from the 
head's gap to the magnetic yoke closure. This ap- 
proach also lends itself to fabricating and integrating 
the read/write transducers into or onto rails of a 
conventional flat air-bearing slider using semicon- 
ductor processing. Preliminary tests on commercial- 
ly available thin-film heads indicate that an 85% 
encoding efficiency at 10,000 flux reversals/in. can 
be achieved. The flying height of the head to the disk 
surface on the inner diameter can now be reduced 
to less than 13 /An., and in some cases to less than 
5 /uin. 
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/iP-controlled remote systems, data acquisition systems, 
industrial control equipment, avionics, and terminals of 

all types... 

No matter what your microprocessor application, 
OVRAM's unique characteristics will help you create 
esigns that go far beyond the parameters of the common 
nd familiar world. Inspired designs that reduce system 

costs, reduce maintenance costs, and add a new dimen- 
sion of capability to your system. 

5V-programming is the key. Because with NOVRAM, 
you can electrically alter system firmware or configura- 
tion data 'in-system' using 5 volts only— including non- 
volatile programming! NOVRAM's 5V-programmability 
means you can now eliminate extra high-voltage power 
supplies, batteries, UV light sources, unsocketing, or 
electromechanical counters and DIP switches. 

You can reconfigure from the keyboard. At the 
customer's site. Or remotely, by down-loading your 
system, if you prefer. 

In normal operation, NOVRAM performs all the func- 
tions of a conventional 5V static RAM, and with a 300ns 
access time. But a single TTL signal (STORE) moves all of 
he RAM bits— in parallel — into NOVRAM's unique on- 
chip Shadow Memory™ (E 2 PROM). The Shadow Memory 
rchitecture allows you to capture critical system status 
if there's a power failure. Data can be stored in Shadow 
Memory indefinitely, and brought back into RAM when- 
ever you want with another TTL signal (RECALL). 




NOVRAM offers you proven n-channel, floating gate 
MOS technology— in a bit organization that's right for 
your application: 1Kx1 (X2201),64x4(X2210),or256 x4 
(X2212). And NOVRAMs are available in the commercial, 
industrial, and military temperature ranges. 

So take a giant step forward for designers. Start 
exploring those new worlds of design innovation today— 
with NOVRAM. 

FREE Evaluation Part! Send us a description of yourappli 
cation on your company letterhead, and we'll send you a 
NOVRAM absolutely f reel Xicor, Inc., 851 Buckeye Court, 
Milpitas, CA 95035. Phone: (408) 946-6920. 

NOVRAM... EXPLORE THE POSSIBILITIES. 





*10K price domestic only. 
NOVRAM™ and shadow Memory™ are trademarks of Xicor. Inc., for its nonvolatile 



The geometries that have been made public from 
Dastek (Los Gatos, CA) are: pole tips of 2 /um 
read/write gap of 1 /im, and a closure distance of 
75 urn (Fig. 6). The heads also feature an inductance 
of 60 nH (Electronic Design, March 31, 1981, p. 
129). 

In another approach to manufacturing thin-film 
heads, vacuum deposition, photolithography, and 
dry etching are used to make the critical magnetic 
pole pieces. This approach, by Magnex (San Jose, 
CA), is expected to yield head designs for achieving 
densities of 12 to 16 kbits/in. and 600 to 1000 
tracks/in. 



6. Thin-film head designs can be modeled by computer for 
both resolution (a) and saturation characteristics (b). Such 
modeling takes into account the coil inductance and the 
transfer function of the head. (Courtesy of Storage 
Technology Corp. Louisville, CO.) 

Future plans at many manufacturers are to in- 
troduce both multigap heads for improving access 
time and multiple heads per disk. Furthermore, 
products with magnetoresistive heads will be in- 
troduced for both floppy-disk and tape drives. 

The most recent example of a thin-film disk being 
considered for a future product comes from Data- 
point Corp.'s Peripheral Operations Division (Sun- 
nyvale, CA). The company chose to make the thin- 
film disk from aluminum plated with nickel- 
phosphorous. This substrate is then plated with a 
cobalt-nickel layer 0.15 to 0.3 /im thick that provides 
a coercivity of 625 Oe. Next, a protective surface 



coating of carbon, ranging in thickness from 0.1 to 
0.15 wm, is deposited. 

To evaluate the wear resistance of the carbon 
coating, Datapoint tested the following thin-film 
types: carbon-coated, hard cobalt oxide, soft cobalt 
oxide, rhodium, and 3350-particulate media. The 
results favored carbon-coated thin-film disks on 
which the data had been recorded before coating. At 
the end of 10,000 start/stop cycles, no errors or 
defects could be found. What's more, the signal 
response did not degrade even after permanent wear 
marks occurred on the surface. 

One of the major recording problems to be over- 
come when using thin-film disks is the head fringing 
effect — two magnetic components paralleling the 
edge of the head that can also read or write data. 
Winchester heads have the comparative advantage 
of producing only one parallel component. The way 
to minimize the fringing effect is to either narrow 
the transducer read/write gap or develop a chemical 
process that offers the best noise level. 

Thin-film media 

What are the chances that thin-film or plated disks 
will be in widespread use by 1982? Probably not as 
remote as experts had predicted one to two years 
ago. The industry has seen Winchester products 
announced in 1980 and 1981 that employ plated disks. 
Now comes the acid test of long-term stability. 

Long-term stability was, in fact, the primary 
obstacle to industry acceptance of thin-film and 
plated media. Disk drive designers questioned the 
ability of the media to hold up under environmental 
stresses like long-term oxidation of the media, the 
difficulty of reproducing the magnetic properties in 
a manufacturing environment, and its relatively 
poor wear resistance. 

However, the advantages are considerable. These 
thin continuous metal films boast thinner oxide 
coatings, higher coercivities (as seen in the research 
of floppy disks), and other more favorable magnetic 
properties. For example, thin-film coatings are 
typically 1 to 5 /an. thick, versus 40 to 120 nin. for 
particulate coatings. The thinner oxide layer leads 
to better demagnetization properties at high bit 
densities and to better off- track performance at high 
track densities. What's more, the thinner the record- 
ing surface, the easier it is to overwrite old data. 

According to Francis K. King of Datapoint, the 
combination of thin-film disks and conventional 
Winchester heads, which fly over the surface at a 
stable height of 8 nin., do not push the technology 
limits. The next generation of products can boost the 
recording density up to 16,000 flux reversals/in. 
More speculatively, future thin-film heads may well 
increase the recording density of 25%. □ 
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Rectifiers with 25ns 
reverse recovery time, 
from 1 to 30 amps, 
and forward voltage 
as low as .82 volts. 







Maximum Average 
Forward Current 



1, 2, 3, 5 amps 



1, 2, 3, 5, 6 amps 



Peak Reverse 
Voltage 



50, 100, 150 and 
200 volts 



50, 100, 150 and 
200 volts 



Peak Forward 
Surge Current 



30-150 amps 



30-150 amps 



Maximum 
Forward Voltage 



.82-.95 volts 



.82-.95 volts 



Maximum DC 
Reverse Current 



50 ua 
T A =150°C 



50 ua 
T A =150°C 



Maximum Reverse 
Recovery Time 



25, 35 and 
50 nSec 



25, 35 and 
50 nSec 



Operating and 
Storage Temp. 



-65 to +150° C 



-65 to +175°C 



Construction 



Superectifier® Brazed leads 
and junction with glass passi- 
vation and UL listed flame 



Glass-Amp II® construction 
Brazed leads and junction 
Dlus glass passiv 



78 Electronic Design • September 30, 1981 



Fast Epitaxial Rectifiers 
that give the highest performance 

at the lowest price. 





8-16 amps 



SO, 100, 150 and 
200 volts 



125-200 amps 



.95-1.0 volts 



500 ua 
T C =100°C 



25, 35 and 
50 nSec 



-65 to +150°C 



Encapsulated TO-220 pack- 
age with glass passivated 



30 amps 



50, 100, 150 and 
200 volts 



300 amps 



.95-1.0 volts 



500 ua 
Tc=100°C 



25, 35 and 
50 nSec 



-65 to +150° C 




Hermetically sealed TO-3 
package with glass passi- 
;ted junction. 



GENERAL 
INSTRUMENT 



At last, power supply and circuit 
designers have a single source for a 
complete range of high-reliability, 
low-cost Fast Epitaxial Rectifiers. 

It's General Instrument Discrete 
Semiconductor Division. 

No other manufacturer can match 
our combination of Superectifier® 
reliability, superior performance 
and low cost. 

We've a broad range of product, 
too. From 1 to 30 amps; 50, 100, 
150 and 200 volts. In three different 
packages— Axial-leaded, TO-220 
and TO-3. 

Axial-leaded Fast Epitaxial Rec- 
tifiers are from 1 to 6 amps in both 
Glass-Amp II® and Superectifier® 
configurations. Leads and junction 
are brazed at greater than 600°C. 
The junction is opaque-glass passi- 
vated. And each Superectifier® is 
then encapsulated with UL-listed, 
flame-retardant epoxy. 

The TO-220 and TO-3 packages 
also have glass passivated junctions. 
The TO-220 is epoxy encapsulated. 
The TO-3 is hermetically sealed 
in a metal can. 

For immediate product delivery, 
complete technical data or our latest 
catalog, call your authorized dis- 
tributor or General Instrument 
Discrete Semiconductor Division, 
600 West John Street, Hicksville, 
New York 11801. (516) 733-3333. 
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only 2 ppm residue 



*Parts per million non-volatile residue. 



Here's our Freon TF Solvent, packaged to 
meet your most demanding cleaning specifica- 
tion. Nonflammable. Stable. Compatible with 
the complex materials used in today's electronic 

systems. 

This Miller-Stephenson solvent is double fil- 
tered to 2 parts per million, by far the lowest resi- 
due in the industry for small packages. Loading 



is controlled under Clean Room conditions. We 
believe the purity of our product helps to insure 
the high level of quality of your product. 

In addition to Freon TF, we have a complete 
family of high purity solvents. Send for our Freon 
Solvent Comparison Chart. Write Miller- 
Stephenson, Danbury, CT 06810. Or call (203) 
743.4447. 

® Freon is Ou Pont's registered trademark for its fluorocarbon compounds. 




© 



miller-stephenson 
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The limits on speed and density keep getting pushed back, thanks to ever- 
tighter processing controls, redundant elements, and automatic error- 
detecting and error-correcting chips. 



Semiconductor memories — 
there's no end in sight 



Memories of all types have been the spur, and the 
testing ground for almost every new process for 
semiconductors. Recently, the results have been 
startling, to say the least: 

■ 64-k dynamic RAMs and lab samples of 256-k 
memories 

. 64-k CMOS static RAMs 

■ Sub-40-ns NMOS static RAMs 
. 16-k EEPROMS 

. 128-k UV EPROMs 

■ 64-k bipolar PROMs. 

These are just some of the developments that have 
become a reality this year, and as sure as there will 
be a tomorrow, even denser, faster devices will be 
coming. 

Making all these advances possible, of course, are 
improvements in processing and lithography, which 
permit tighter and tighter control of impurities and 
line spacings and widths. The better the control, the 
smaller and closer together the devices can be placed 
on the chip, and thus the denser— and faster— the 
memory will be. 

The problems of density 

Try as they might to make 
every part perfect, memory 
manufacturers are always 
faced with what to do when 
one of just a few bits are bad 
in a memory chip. Until Bell 
Laboratories (Murray Hill, 
NJ) announced it had extra 
bits on a memory chip that 
could be programmed into 
the array to replace defec- 
tive cells, few firms had 
given serious thought to the 



Dave Bursky 

Semiconductors Editor 




use of redundant cells, and the defective chips were 
either scrapped or sold as partials. 

There were, of course, other reasons as well why 
redundant techniques were not used any sooner. 
Memory densities did not justify the added complexi- 
ty that redundancy requires — at the 16-k dynamic 
RAM level, for example, the redundant circuitry 
would take up close to 10% of the chip area. However, 
at 64 k, the redundancy is only 1% or 2% of the chip 
area. For future generations, the extra circuitry will 
take up an even smaller percentage of the chip area, 
thus making it even more economical. 

But redundancy is not a panacea: There are still 
many possible failures that it cannot correct— those 
of the bias generators, clocks, input or output buf- 
fers, and other subfunctions. Also, arrays that do 
not need to connect each cell to the power bus 
(dynamic RAMs, for example) will have a higher 
percentage of defects that can be fixed than other 
types of cell structures. 

Whatever its virtues, many companies are still at 
odds with each other over what form the redundancy 

should take, how much to 
include on chip, and how it 
should be programmed into 
the array. For example, 
many manufacturers can re- 
fer to their own studies to 
say that so many rows 
and/or so many columns of 
extra cells should be used. 

The number of rows or 
columns added does have a 
practical limit— if increased 
beyond that point, the chip 
yield will not only stop in- 
creasing but will actually 
start to decrease, since de- 
fects in the redundant areas 
will become more notice- 
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able. Various manufacturers have solved the pro- 
blem in different ways. For instance, Inmos (Col- 
orado Springs, CO) uses two redundant columns for 
its IMS1400 16-k static RAM. 

Two choices for redundancy programming 

Not only do the number of rows or columns differ 
from one manufacturer to another, but so does the 
programming technique. Intel and Inmos, for exam- 
ple, both use current pulses to burn open the fuse 
links to program the redundant areas, whereas 
Mostek has taken the laser path. Both methods are 
well-established production techniques, but few com- 
panies have adopted the laser approach, because it 
raises a question of long-term reliability. The pro- 
blem is that the laser beam burns out the link under 
a layer of glass passivation, and that may lead to 
the regrowth of the link or some form of contamina- 
tion. 

Still, the laser is gaining acceptance, especially 
since Bell Labs announced that all of its 64-k dynamic 
RAMs are being programmed with laser zapping. 
Since then, only Hitachi (San Jose, CA), in addition 
to Mostek, has publically committed itself to laser 
programming. The two firms have opted for the laser 
for additional density: Since no large currents have 
to wend their way around the memory, the fuses can 
be placed anywhere on the chip and be made with 
minimum feature sizes. Current-zapped fuses, on the 




1 . Using an epi layer to minimize noise and provide high 
performance, the TMS 41 64 64-kbit DRAM developed by Texas 
Instruments is the first commercial NMOS memory to use 
an epi layer. 
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other hand, are usually limited in number and 
located before the decoders, and they require some 
large transistors to control the high currents needed 
for programming. 

Laser zapping, however, requires special dedicated 
systems on the test floor. These laser systems 
typically cost several hundred thousands of dollars, 
and companies are reluctant to spend that much, 
especially when reliability questions are still un- 
answered. For current-pulse programming, in con- 
trast, low-cost additions to already existing test 
equipment can easily be added to blow the links, and 
many firms will take this lower-initial-cost route. 

In the labs 

What researchers do in the laboratory usually 
takes several years to become produceable in any sort 
of volume, so that a look at such work reveals what 
may be in store. In the dynamic memory area, bits 
and pieces of 256-k RAMs are now being evaluated 
at most major RAM manufacturers. In Japan, 
several firms have already started to sample first 
silicon of entire 256-k devices internally. The 
Japanese companies have taken two approaches — 
although Nippon Telegraph & Telephone Public 
Corp. (Tokyo) has developed a 256-k chip that in- 
cludes redundant cells, Nippon Electric Co. (Tokyo), 
Toshiba (Tokyo), and Hitachi (Tokyo) do not agree 
that redundancy is the way to go, especially if the 
memory moves very rapidly down the learning curve. 

Most of the samples now being evaluated are much 
slower than their makers would like — access times 
are about 200 ns, which will be too slow for most 
applications when the RAMs are introduced in 1983 
or 1984. System manufacturers will need devices 
accessing in 100 to 150 ns, with 100 ns the target 
by 1985. 

As for 64-k dynamic RAMs, just about every 
memory firm has now started to supply customers 
with sample production parts. In fact, several com- 
panies — Texas Instruments (Dallas), Motorola 
(Austin, TX), Fujitsu (Santa Clara, CA), Toshiba 
(Irvine, CA), and a few others — have already cranked 
up their production lines and are churning out 
several hundred thousand units a month. Very short- 
ly, those low quantities will increase to about a 
million units a month, especially as the price of 
dynamic RAMs has now been driven down to less 
than $20 per chip in high volumes. 

Of all the 64-k chips introduced, most had no 
surprises technically— improved processing, fineline 
lithography, and some redundancy were the major 
points most vendors pushed. There were two stan- 
douts from that, though. Texas Instruments emp- 
loyed some technology tricks and an epitaxial layer 
on the wafer to eliminate the need for the backbias 



generator and therefore its chip uses a grounded 
substrate (Fig. 1). The latter, in turn, simplified the 
design of the memory and gave a very small chip 
size, along with some top performance specifications. 

The other surprise came from Inmos in the form 
of a part that offered a serial nibble output, in 
addition to its regular 1-bit output, and CAS- 
before-RAS self-refreshing. Although it is ques- 
tionable how many people will use the self- 
refreshing, those that need top performance will 
probably be happy with the nibble output. This 



mode permits the memory to serially send very 
quickly 4 sequential bits, with the first bit requir- 
ing the normal access time and the next three 
requiring just 50 ns each. 

The next aspect of these parts to be enhanced will 
be speed. Most companies initially expected to have 
a considerable number of 150-ns devices available 
immediately, but it turned out that the bulk of the 
units access in 200 ns. Now, with some fine-tuning 
of the production line and a tweak of the masks, most 
manufacturers anticipate that by year-end the ma- 



Bubble memories are alive and well 



Although three of the main proponents of magnetic- 
bubble technology — National Semiconductor, Rock- 
well, and Texas Instruments — have withdrawn from 
the commercial market, the other vendors believe that 
the technology is alive and growing. Still offering the 
largest commercial array, Intel (Santa Clara, CA) will 
quadruple density in late 1982 with the introduction 
of a 4-Mbit device. In the meantime, Fujitsu (Lake 
Bluff, IL) is trying to get its 1-Mbit unit on the market. 

Prices for bubble memories are also staying in line 
with Intel's predictions, with the 1-Mbit set, the 
BPK-722-2, cut to $995 for a single unit and down to 
$595 a piece for 5000 units. Also, users who fear the 
lack of an alternative source may fear no longer- 
Intel is expected to close a second-source agreement 
in the near future. 

Manufactured with many of the same lithography 
and processing steps needed to produce I Cs, magnetic- 
bubble memories draw even faster on the advances 
in process technology than do memory ICs, since there 
are fewer masking steps and therefore fewer critical 
alignments. However, the exotic techniques that 
might eventually eliminate the external magnets and 
coils of wire are still several years away, even though 
researchers at Bell Laboratories (Murray Hill, NJ) and 
at IBM (San Jose, CA) have reported good results from 
experimental devices. 

For example, researchers at Bell Labs are using ion 
implantation to pattern half-megabit chips. Bubbles 
with diameters of 1.7 ^m were used on a 6-to-8-/i<m 
period and were propagated by rotating fields of 40 
Oe at 50 kHz. These chips, which are 5.22 X 9.3 mm, 
have 284 loops of 2051 bits each (only 258 loops are 
required for the chip to be functional). They have 
shown that ion-implantation technology can yield 
large-capacity nonvolatile bubble memory devices. 

Magnetic-bubble technology, though, can go well 
beyond 4 Mbits on a chip. In fact, Bell Labs has already 
made an experimental 8-Mbit part. 

Before getting out of the business, National 
Semiconductor had discussed a 4-Mbit unit that put 
out 4 bits, thus eliminating one of the faults in bubble 
systems — the long serial input and output times. 
Instead of formatting data from an 8- or 16-bit parallel 



word into a serial data stream, 4 bits at a time could 
be stored. Although this chip was only experimental, 
it showed that multiple-channel memories are 
possible. 

Intel's planned 4-Mbit part, on the other hand, is 
a single-channel unit, and an external formatter must 
arrange the data for storage or recall. Like all bubble 
memory chips, it requires an entire family of silicon 
support components for the coil driving, function 
control, formatting, and error detection and correc- 




Generator and 
NDRO detector 



tion. In 1982, Intel will introduce not just the 4-Mbit 
chip, but a complete set of support components as well. 

What with all this activity by bubble manufac- 
turers, the memories are now starting to find their 
way into end-user microcomputer systems. In Japan 
several companies have designed in the Fujitsu Bub- 
ble Cassette, and in the U.S. all vendors have one type 
or another of plug-in bubble cartridge for easily 
removable and transportable storage. Currently, Intel 
offers a 1-Mbit plug-in bubble cartridge; and Fujitsu 
offers a 256-kbit unit, with a 1-Mbit version planned 
for later this year. 
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jority of units shipped will be 150-ns parts. 

Another enhancement that is bowing this year is 
a dynamic RAM with a nibble-wide output. Or- 
ganized as 16 k X 4 bits, the memory fits right into 
several system organizations. For example, systems 
that do not have to grow in 64-k increments are prime 
targets. Moreover, only two chips would be needed 
to add 16 kbytes to the system— a very compact 
alternative to adding eight 16-k X 1 chips or eight 
64-k x 1 devices. Housed in a 20-pin DIP, the nibble- 
wide RAM will be a major option for small-system 
users that want the benefits of dynamic RAM but 
don't want to expand the system in large increments. 

Living with soft errors 

As the dynamic RAM memory cell becomes 
smaller and smaller to fit more bits per chip, the 
capacitance of the cell decreases, and that makes 
the cell more prone to soft errors due to alpha 




2. A 2-k x 8 static CMOS RAM, the IDT 61 16 from integrated 
Device Technology, offers an access time of 70 to 1 20 ns yet 
consumes just 180 mWin its active mode and only 100 mW 
In the standby mode. 




3. Containing 2048 bytes of static RAM storage, the MK4802 
from Mostek offers access time of less than 100 ns. 



radiation. Memory manufacturers have taken 
various precautions to minimize the radiation that 
hits the chip— such as polyimide coatings and low- 
radiation packages— but chips still get random hits, 
and systems must take precautions to make sure 
those soft errors don't cause the computer to make 
a mistake. 

Coming to the aid of the various memory vendors 
are a half-dozen or so error-detection and correction 
(EDC) circuits. Firms that offer or will offer such 
circuits include Intel, Advanced Micro Devices (Sun- 
nyvale, CA), Monolithic Memories (Sunnyvale, CA), 
Motorola, Texas Instruments, National Semiconduc- 
tor (Santa Clara, CA), and Fujitsu. Most of the chips 
can detect both single and double-bit errors and 
correct single-bit errors, and all are oriented to 16- 
bit systems. However, all of the circuits are also 
expandable to larger-word memory systems. 

EDC chips are intended for dynamic memory 
systems, though they can be used in static ones too. 
It's just that most static memory systems are 
generally much smaller than dynamic systems, and 
EDC is rarely used for systems of less than 64 kbytes. 
To complement the EDC chips, the manufacturers 
usually have a complete dynamic RAM support chip 
set that ties into the EDC circuit. These support chips 
provide the refresh control for the RAMs, bus buffer- 
ing for large systems, and in some cases error logging 
and warnings to the main system. 

One of the problems with EDC circuits is the delay 
they typically introduce into the memory cycle. Most 
vendors have been able to keep the delays relatively 
short-below 50 ns— so that errors can be detected 
within the regular memory cycle. However, if an 
error is found, another 50 to 80 ns might be required 
to correct it and rewrite the data into the memory. 

This speed penalty is another reason why EDC is 
rarely used with static RAMs. Most static memory 
subsystems often access in less than 100 ns, and an 
overhead of 50 ns or so would drastically slow down 
the overall system. Static RAM, subsystems that do 
use EDC usually must have the circuitry built with 
ECL-based technology to obtain extremely fast de- 
tection. 

Static RAMs get faster and faster 

As mentioned, static RAMs are most often used 
when small amounts of memory are needed or 
system access times are extremely short. Over the 
last few years, process developments such as Intel's 
HMOS and Mostek's Scaled Poly 5 have shrunk cell 
sizes to about 1 square mil. This small size yields 
two major results— high density and high speed. 

In terms of density, many manufacturers have 
introduced or will shortly introduce very fast 16-k 
statics. Some are organized as 16-k X 1 bit; others 
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are set up as 2-k X 8; and by early 1982 some firms 
will offer 4-k X 4 versions. When it comes to speed, 
the leading edge is in the 1 and 4-bit-wide parts, but 
some of the 8-bit-wide memories aren't too far 
behind. 

Already available from three sources, with at least 
another three sources expected shortly, the 2167 type 
of NMOS RAM has surpassed its bipolar coun- 
terparts in density and rivals the best system speeds 
of all memory types except for the highest- 
performance ECL versions. Access times are in the 
55-to-70-ns range for the fastest devices right now, 
and by next year versions should be appearing that 
access in as little as 40 ns. Intel, Inmos, and Mostek 
are the three companies now supplying the 16-k 
units, and all of them use redundant cells. 

Going to CMOS to keep power low, Hitachi has 
come out with a version of the 2167, called the HM6167, 
that accesses in 70 to 100 ns. Hitachi's process uses 
double polysilicon and has channel lengths of 2 ^m. 

The main difference between Hitachi's memory 
and the NMOS versions is in power dissipation, not 
speed. Typical standby power consumption is about 
100 /nW, and the operating power rises to a mere 150 
mW. In comparison, the 2167-type part draws about 
75 mW on standby and well over 500 mW when 
active. However, prices for the CMOS versions are 
still much higher than for the NMOS ones, so that 
unless power is a critical concern, NMOS remains 
the mainstay technology. 

Although the 16-k X 1 devices have the limelight, 
the 2147-type 4-k X 1 and 2148 1-k X 4 memories 
retain plenty of life. Intel, for instance, has started 
supplying samples of the next mass revision of the 
2147, which promises sub-35-ns access times. In 
addition, the chip's reduced size should translate into 
higher yields and lower prices. This version will also 
cut power dissipation by about 60%— down to just 
40 to 60 mA when active and 10 to 12 mA on standby. 

Intel is applying its shrinkage capability to other 
memory products, too, to get the benefits of smaller 
chip size, whether or not it also results in higher 
speed. As an example of what shrinkage can do, the 
2114 was first reduced from 142 X 238 mils to 11 
X 190 mils in the A revision. Now, the B version 
is ready, and it is just 99 X 155 mils— less than half 
its original size. This same shrinkage capability can 
be applied to all memories but does not stop there- 
all NMOS devices can be scaled down using the same 
rules. 

CMOS memories cool things down 

In maximizing speed, NMOS memories typically 
consume a lot of power, and that power consumption 
limits the memory capacity of the chip. CMOS does 
away with most of the power restrictions without 



too great a speed penalty, as tmacni musiraieu wmi 
it HM6167. And in areas where blazing speed isn't 
needed, CMOS technology stands out even more as 
a low-power alternative. 

Density has been one problem CMOS vendors have 
been trying to reduce, since with typical bulk CMOS 
the chip area for a 16-k RAM would be prohibitive. 
However, with the development of NMOS-com- 
patible processing like Intel's HCMOS or the Iso- 
CMOS technology from Mitel (Ottawa, Ont., 
Canada), CMOS is rapidly catching up with NMOS's 
density and performance. 




4. Using its UV EPROM compatible HMOS II process, Intel has 
been able to squeeze a 64-kbit UV EPROM (bottom) into a chip 
that is smaller than its production 271 6 1 6-k UV EPROM (top). 
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Concentrating on UMUS tecnnoiogy, losnma nas 
been able to make two versions of a 64-k RAM. Both 
are organized as 8-k X 8 bits but are made with 
different design rules. One uses polysilicon loads and 
is just entering the sampling stage. The other will 
use active loads and offer greater speed. 

One recent entrant to the memory market is a new 
company, Integrated Device Technology (Cupertino, 
CA). Its first offering is a 2-k x 8 fully static RAM 
that accesses in 70, 90, or 120 ns (Fig. 2). When active, 
it draws just 180 mW, and that drops to 100 mW on 
standby. What's more, for emergency data retention 
the memory can retain data with supply voltages as 
low as 2 V. 

Others making CMOS byte-wide memories include 
NEC, Hitachi, Harris Semiconductor (Melbourne, 
FL), and RCA (Somerville, NJ). About another half 
a dozen vendors are trying to get their memories out 
of the sampling stage. 

Although most CMOS activity is in byte-wide 
units, work is also taking place in other areas. 
Important to note is the entry of Intel into the CMOS 
market with two alternative-source products, a 1-k 
X 1 and a 256 x 4 device— the prelude to faster 
devices made with the company's HCMOS process. 

Byte-wide activity is not all CMOS 

As for NMOS, it is seeing a good deal of activity 
in byte-wide memory design, too, with almost every 
company either offering at least one device or getting 
ready to sample one. Several of those out adopt some 
interesting schemes to compete with CMOS's low 
power consumption. For example, Mostek has de- 
veloped a version of its fast 4802 2-k x 8 NMOS static 
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permits the MK48D02 RAM to keep alive the memory 
array on just 100 ^A if the power should fail. 
Although the memory uses a battery backup, it 
doesn't do so in the usual manner. Instead, to keep 
the array alive, a voltage of 2 to 6 V is placed on 
the write-enable input. Thus, the memory draws just 
55 fiA when normal power is shut off. 

Clocked periphery saves power 

Other techniques to save power yet keep speed high 
include the use of a clocked periphery along with a 
static array. In this case, the high-power components 
—the sense amplifiers, buffers, and decoders— are 
turned on only when needed. That means that they 
can afford to pay for higher speed with higher speed 
with higher power consumption, since they do not 
pull power all the time. 

The alternative to a clocked periphery is the use 
of dynamic cells and full refresh support on the same 
chip — the pseudostatic RAM. Intel, Zilog (Cupertino, 
CA), Mostek, and National Semiconductor are the 
four companies making byte-wide self-refreshing 
memories. In addition, Mostek and Motorola have 
bit-wide dynamic RAMs that could be classified as 
pseudostatic. 

In the fast byte-wide area, Mostek offers the 4801 
and 4802 1 and 2-kbyte chips, which access in well 
under 100 ns. Toshiba also has a very fast 2-kbyte 
part, the TMS2016HP, which accesses in 35 to 45 ns. 
For access times in the 100-to-250-ns range, the 
number of manufacturers increases considerably. At 
the 1-kbyte density, GTE Microelectronics (Phoenix, 
AZ), NEC, and Mostek have several versions; and 
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5. Using four extra word rows, the Intel 3632 32-kbit PROM is the first commercial PROM 
to use redundancy to improve yield yet access in 35 ns. 
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New! MICROPROCESSOR SYSTEMS 
DESIGN AND APPLICATIONS (Edited by 
Dave Bursky) These selections from Electronic 
Design magazine provide a valuable appraisal of many 
of the system design aspects and applications areas 
supporting the microprocessor. Multiprocessor 
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system design. Various communication and bus inter- 
face circuits, peripheral interfaces, and guidelines on 
special test equipment and techniques are explored in 
detail. Finally, system design examples and their effects 
on the microprocessor and its support circuits are 
examined. # 0976-3, $9.95. 
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New! MEMORY SYSTEMS DESIGN AND 
APPLICATIONS (Edited by Dave Bursky) More 
selections from Electronic Design. This book offers 
a total overview of all the developments in the area 
of memory, as well as the latest system design and 
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dynamic RAMs, Static RAMs, ROMs, PROMs, CJV 
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the boards. # 0897-X, $14.50 
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at the 2-kbyte level, Oki (Santa Clara, CA), Texas 
Instruments, Toshiba, and Mostek offer a mix of 
speeds. 

Besides trying to reduce the standby power, some 
memory manufacturers have been working toward 
the ideal memory— the nonvolatile RAM. Several of 
those efforts are well along the way. Xicor (Milpitas, 
CA) of course, has already introduced three such 
products, organized as 1-k X 1, 256 X 4, and 64 X 
4 bits. In addition, General Instrument (Hicksville, 
NY) and Hughes Aircraft (Newport Beach, CA) plan 
to introduce nonvolatile RAMs in 1981, and Xicor 
expects to have a 1-k X 4 version ready then. 

Xicor's parts operate from a 5-V supply for 
both reading and storing data and have much of the 
needed control circuitry on chip. To make the parts, 
the company combines a static RAM array with a 
one-for-one match of nonvolatile storage elements. 




6. Packing 32-kbits onto a chip, the 82S321 from Signetics 
accesses in 80 ns and draws just 20 n W bit. 




7. Offering a 4-k x 8 organization, the Am27S40/41 bipolar 
PROM, developed by AMD, has a 50 ns maximum access 
time and comes in a 20-pin 300-mil DIP. 



In the electrically erasable nonvolatile memory 
area, the major firms are Intel, Hitachi, Hughes, 
General Instrument, Motorola, and Nitron 
(Cupertino, CA). Expected to enter the 16-k fray 
soon, is Motorola, and National Semiconductor is also 
readying a 2-kbyte unit. 

Hitachi and Intel both have 2-k X 8 devices that 
are basically pin-compatible but employ different 
technologies— Intel a floating-gate NMOS structure 
and Hitachi n-channel MNOS technology. 

Going it alone in CMOS, Hughes offers both a 512 
X 8 and a 1-k X 8 EEPROM. Their speed matches 
that of the n-channel units, with the added benefit 
of much lower power. 

One problem with most of the EEPROMs is that 
the system CPU must do all of the control when data 
is being stored. Addressing that problem, Intel will 
shortly unveil a controller that takes care of all the 
timing. That, of course, will be the forerunner of a 
chip that has both the nonvolatile memory and all 
the control circuitry. General Instrument is very 
close to supplying customers with samples of such 
a device, albeit with only 128 bytes of storage. 

UV EPROM densities double 

The UV EPROM has doubled in density about 
every 18 months in answer to designers' need for 
increased nonvolatile storage, and this year is no 
exception. Enter the 128-k chip from Texas Instru- 
ments. Designated the TMS25128, it uses a new cell 
structure that was unveiled at the 1980 Solid State 
Circuits Conference. 

The UV EPROM market has been relatively stable 
except for the glut of 16-k devices that occurred in 
early 1981. Motorola, Mostek, Intel, TI, and National 
Semiconductor all have their 64-k units in production 
and are actively trying to make 128-k parts. Surpris- 
ingly enough, the Japanese are glaringly absent from 
the list of 64-k device manufacturers. However, 
expect to see most of the gaps filled in during the 
last quarter of this year and early next. 

As mentioned earlier, Intel plans to scale down to 
improve density, and that will apply to the UV 
EPROM area too. In the works is a 128-k unit built 
with the firm's HMOS-E process. That process has 
already yielded a 64-k EPROM, the 2764, that is 
actually smaller than the 16-k part built with stan- 
dard NMOS, the 2716— even though it has four times 
the capacity (Fig. 4). 

One problem faced by manufactuers as memories 
are shrunk is that of scaling down and keeping track 
of the programming voltage. Because a shrinkage 
doesn't necessarily require the manufacturer to 
change the part number, users can readily get 
confused about the correct programming voltage. To 
eliminate that problem, one JEDEC committee has 
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type ICs in your hands in from eight 
to fourteen weeks. There's no need to 
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and cooling costs. Your product will 
be more reliable because you'll be able 
to replace solder joints with solid state 
circuitry. And, most exciting of all, 
you'll be able to design in unique 
features not available to your competi- 
tors with standard ICs. 
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begun discussing standardizing some form of 
signature memory on the memory chip that would 
be programmed during manufacturing and would be 
read out by the programming tool so that it can 
automatically set the proper voltage levels and 
timing. 

Such a signature memory will probably be adopted 
by EPROM makers and by JEDEC in 1983. However, 
the concept can be applied to any type of memory 
and will just as nicely fit the bipolar PROM families, 
which also depend on specific timing and current 
levels for programming. 

Many directions for PROMs 

Fuse-link PROMs, directed at the high- 
performance system, will continue in that direction, 
with higher densities and faster access times. Just 
introduced, for example, was a 64-k part from Harris 
Semiconductor. This device, the HM1-76641, gave up 
some speed for density, but is still pretty swift at 
85 ns, maximum. Expected to be available in sample 
form next month, it is salted for full production by 
January, 1982. 

Harris has also taken its CMOS technology and 
married it to the PROM to come up first with a 512 
X 8 part and now with a 2-k X 8 device that accesses 



in about 200 ns. 

Using its stacked-fuse technology unveiled at the 
1980 ISSCC, Intel has just introduced a 35-ns 32-k 
PROM — claimed to be the fastest device at that 
density, and possibly even at the 16-k level (Fig. 5). 
Additional work at AMD, Monolithic Memories (Sun- 
nyvale, CA), and Signetics (Sunnyvale, CA) is aiming 
at very fast devices— ones accessing in less then 20 
ns as well as the high-density devices such as the 
82S321 from Signetics (Fig. 6). Memories with this 
speed could serve as programmable logic, since 
PROMs provide every possible intermediate product 
term, whereas logic arrays and other forms of 
programmable logic only supply the final terms as 
outputs. 

Although byte-wide parts are the most popular 
PROMs, demand for 4-bit organizations, such as the 
Am27S40/41 from AMD (Fig. 7), is considerable. 
This configuration fits very nicely into 300-mil-wide 
24-pin DIPs, providing the designer with a very 
compact package for relatively deep storage (up to 
4096 nibbles currently). 

Finally, since many PROMSs used in pipelined 
systems, many more units are starting to appear 
with output registers. That reduces the amount of 
external circuitry needed in the system. □ 




SINGLE MODE CW LASERS 

FROM 




RELATIVE 
INTENSITY 





LDL OFFERS BOTH 
SINGLE LONGITUDINAL(SCW-21) 
AND SINGLE TRANSVERSE (SCW-20) 
MODE LASERS WITH OUTSTANDING 
PERFORMANCE CHARACTERISTICS 

■ THRESHOLD CURRENT TYPICALLY 30mA 

■ CW OUTPUT POWER TO OVER 14mW 

■ LINEWIDTH LESS THAN 0.02nm 

For futher information 

on the most complete line of Diode Lasers 

and LED's in the industry. 

call our Marketing Department at (201) 249-7000 




A AfoCOM COMPANY 



1 130 Somerset Street. New Brunswick. New Jersey 08901 • Tel: 201-249-7000 • TWX: 710-998-0597 
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MIL-STD-1553 
DATA BUS COMPONENTS 

FROM DDC. 



Make ODC your 
one source for 
MILSTD-1553and 
MACAlfi specs. 

The DDC military product 
mix includes compo- 
nents, transformers, 
transmitters, Manchester 
encoder/decoders and 
more. We manufacture 
complete RTUs from cus- 
tom hybrids through 
complete card assem- 
blies or encapsulated modules. 
And we can start a custom 
project from scratch or from 
your own drawings. 

In fact, our military product 
line and custom capabil- 
ities are so extensive, 
we could easily become 
your sole supplier for 
all MIL-STD-1553 A&B 
and MACAIR applica- 
tions. 

OurBUS-25679 and 
BUS-27765 Trans- 
formers, for example, 
are small in size 
(.63 sq. in.) but big in 
performance in trans- 
former and direct 
coupled applications. 
They meet both 
1553 and MACAIR 
specifications. 




ILC OATA DEVICE 
CORPORATION 

LOS ANGELES: ILC Data Device Corp . Dept. R-1. 

7337 Greenbush Ave . N, Hlyd CA 91605. (2131 982-6454. 

TWX: 910-499-2674 

LONDON: DDC United Kingdom Ltd.. Dept. R-1. 128 High St 
Hungerlord. Berkshire, RG17 ODL. England 04886-2142. 
TLX: 851-848826 

PARIS: DDC Electroraque. Dept R-1. 4 Rue de LAbreuvoir. 
92400 Courbevoie. France. (II 333-5888, TLX 842-630609 



Featuring very low 
power dissipation and 
improved filtering, our 
BUS-8553 Transceiver 
comes in a small, 24-pin 
DDIP hybrid. BUS-8557 
is also available for 
±12V applications and 
BUS-8559 offers variable 
output for test appli- 
cations. 

For MACAIR sinusoidal 
applications, BUS-8555 
is a low power (550mW) 
Data Bus Receiver and 
our BUS-8556 Transmitter fea- 
tures a superior linear phase 
equi ripple filter. 

Our Manchester II Encoder/ 
Decoder hybrid, BUS-8937, is 
a 3-state, 16 bit inter- 
im face with address rec- 
ognition and wrap 
around test capability. 

So next ti me you face 
the military challenges 
of 1553,enlisttheaidof 
DDC. Call or write: 
ILC Data Device 
Corporation, Dept. R-1 , 
105 Wilbur Place, 
Bohemia, NY 11716. 
Phone (516) 567-5600. 
TWX 510-228-7324. 




Why our 
award-winning, 

Non-Noble 
Thick Film 
Networks 
will take you 
through 
the 80's. 



Now you can have the industry's first networks 
not tied to the increasing cost of precious metals 
such as ruthenium, palladium, silver and gold. 

TRW has the material and the products for the 
changing 80's. Just in time to handle your needs. 

The materials are screened base metal resistor 
and copper cermets fired in inert N 2 at up to 
1000°C, chosen by Industrial Research/ Develop- 
ment Magazine as one of the top 100 industrial 
product developments of 1978. 

The products are thick film DIP networks, and 
SIP and low-profile SIP networks. Winner of 
Electronics Products Magazine new product of 
the year award in 1979. 

For more information on non-noble networks 
or our discrete non-noble Metal Glaze™ resistors, 
contact your local TRW/ECG sales office or 
TRW/IRC Resistors, an Electronic Components 
Division of TRW Inc., Greenway Road, Boone, 
N.C. 28607. Dept. N, (704) 264-8861. 




TRW 



IRC RESISTORS 



A DIVISION OF TRW INC. 
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Semi-Precision Metal Glaze 
Thick Film SIP Networks. 



Proprietary cermet thick film 
element fired at 1000°C. laser 
trimmed to value, tolerance 



Thick film copper 
conductor paths 



Alumina ceramic 
substrate 




Epoxy molded jacket 
for ease of handling., 
auto insertion 



60-40 electroplated 
lead wires on .100 centers 



Double clamped and 
soldered lead terminations 



□ Feature TRW/IRC's non-noble thick film 
technology 

□ 6-, 8- or 10-pin packages 

□ Transfer molded for mechanical stability and 
automatic insertion 



STANDARD RESISTANCE VALUES (OHMS) 



33 
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1.0K 


5.6K 


33K 


180K 
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1.2K 
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82 K 
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3.3K 


18K 


100K 


560K 


120 


680 


3.9K 


22K 


120K 


680 K 


150 


820 


4.7K 


27K 


150K 


820K 
1 MEG 



ELECTRICAL SPECIFICATIONS 

Resistance Range: 33 ohms to 1 Meg 
Resistance Tolerance: ±2%, ±5% 
Temperature Coefficient: ±200 ppm/°C 
TC Tracking: 50 ppm/°C typical 
Power Rating at 25°C: (see derating curve) 
Circuit 1 6 Pin 8 Pin 10Pin 

Total package 1.5W 2.1W 2.7W 
Single resistor ,3W .3W ,3W 
Circuit 3 

Total package 1.5W 2.0W 2.5W 
Single resistor .5W .5W .5W 
(Rating at 70°C is 67% of 25°C rating) 
Maximum Continuous Working Voltage: 50V 
Operating Temperature: -55° to +125°C 

STANDARD CIRCUITS (Resistors all same value) 

CIRCUIT 1 CIRCUIT 3 




1 6 

POWER DERATING 



£ 2.1 

a 20 

o 

■o 1.0 

s 

«5 

* .3 





I I I 




^-s/oi CIRCUIT 












s 


ngle Resistor 








^ ' 





25 50 70 100 
Ambient Temperature (°C) 
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PART NUMBERS: 



6 Pi n : 806-1 , 806-3; 8 Pin : 808-1 , 808-3; 
10 Pin: 810-1, 810-3. 



Low-Profile Metal Glaze 
Thick Film SIP Networks. 



Proprietary cermet thick film 
element fired at 1000° C. laser 
trimmed to value, tolerance 



Thick film copper 
conductor paths 



Alumina ceramic 
substrate 




Epoxy molded jacket 
for ease of handling, 
auto insertion 



.60-40 electroplated 
lead wires on .100 centers 



Double clamped and 
soldered lead terminations 



□ Feature TRW/IRC's non-noble thick film 
technology 

□ 8-pin package 

□ Project only .195 in. from PC board 

□ Height consistent with DIPs 

STANDARD RESISTANCE VALUES (OHMS) 



33 


150 


680 


3.3K 


15K 


68K 


39 
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820 


3.9K 
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82K 


47 


220 


1.0K 
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100K 
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120K 
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150K 
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1.8K 


8.2K 


39 K 




100 


470 
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10K 


47K 




120 
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2.7K 
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56K 





ELECTRICAL SPECIFICATIONS 

Resistance Range: 33 ohms to 150K 
Resistance Tolerance: ±2%, ±5% 
Temperature Coefficient: ±200 ppm/°C 
TC Tracking: 50 ppm/°C typical 
Power Rating at 25°C: (see derating curve) 

Circuit 1, total package - 8 Pin, 1.25W; 
single resistor -8 Pin, .18W 

Circuit 3 total package - 8 Pin, .84W; 
single resistor- 8 Pin, .21W 

(Rating at 70°C is 67% of 25° rating) 
Maximum Continuous Working Voltage: 50V 
Operating Temperature: -55° to +125°C 

STANDARD CIRCUITS 
CIRCUIT 1 CIRCUIT 3 
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PART NUMBERS: 8 Pin: 608-1, 608-3. 



Semi-Precision Metal Glaze 
Thick Film DIP Networks. 



Epoxy molded jacket 
for ease of handling 
auto insertion 

Proprietary cermet thick film 
element fired at 1 000° C. laser 
trimmed to value, tolerance 



60-40 electroplated 
lead wires on .100 centers 




Resistive elements are 
actually on the bottom for 
better heat dissipation 

Alumiria ceramic 
substrate 



Double clamped and 
soldered lead terminations 



□ Featuring TRW/IRC's non-noble thick film 
technology 

□ Project only .200 in. from PC board 

□ Transfer molded for automatic insertion 

STANDARD RESISTANCE VALUES (OHMS) 
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ELECTRICAL SPECIFICATIONS 

Resistance Range: 33 !2 to 1 Meg 
Resistance Tolerance: ±2% and +5% 
Temperature Coefficient: +200 ppm/°C 
TC Tracking: 50 ppm/°C typical 
Power Rating 25°C: (see derating curve) 
Circuit 1 14 Pin 16 Pin 

Total package 1.625W 1.875W 
Single resistor 125W .125W 
Circuit 3 

Total package 1.75W 2.00W 
Single resistor .25W .25W 

(Rating @ 70° C is 80% of 25° rating) 
Maximum Continuous Working Voltage: 100V 
Operating Temperature: -55°C to +125°C 

STANDARD CIRCUITS (Resistors all same value) 

14 



or 16 CIRCUIT 1 

r-i rn rn r-i r~i rp rn 



14 
OR 16 



CIRCUIT 3 

2 □ 
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PART NUMBERS: 14 Pin: 514-1, 514-3; 16 Pin: 516-1, 516-3. 
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Thousands of pages of ready-to-use design information can be at your finger-tips; no information in print is 
as current as Electronic Design's Proceedings. 

The latest information on using integrated circuits, prepared especially for Electronic Design Week, is 
available for your immediate use. Each talk in each proceedings describes a new, commercially available 
integrated circuit, highlights its unique features, and reveals how to use the device in system and equipment 
design. There is no need to take chances when all of this application information can be yours at nominal 
cost. 

Clear and straightforward application papers, containing hundreds of design examples with circuit sche- 
matics block diagrams and key characteristic waveforms appear in the proceedings. Each paper is original 
and has not been published in Electronic Design Magazine or anywhere else. You can obtain this information 
only by purchasing the proceedings or by attending Electronic Design Week (Newton, MA, August 24-28, 
1981). 

The material appearing in Electronic Design's proceedings was prepared by more than one hundred engin- 
eers employed by approximately 50 integrated circuit manufacturers. The authors were selected to partici- 
pate in this program because, as applications engineers, they assist customers in solving system design 
problems, and have experienced, firsthand, many of the difficulties encountered in using new devices. 

All types of integrated circuits are treated in the proceedings including microprocessors, LSI, op amps, 
DACs, speech synthesis devices, custom products and telecommunication circuits. Prices range from $55 to 
$95 depending on the proceedings being ordered. Prices shown apply for U.S., Canada, and all other coun- 
tries. Please include check with order. 

DON'T DELAY. GET THE LATEST DESIGN INFORMATION. ORDER NOW. 



SPEECH SYNTHESIS AND SOFTWARE 
ENGINEERING PROCEEDINGS [1981] S1 

Nine conference talks are presented in this confer- 
ence proceedings covering speech voice output 
integrated circuits and the role of software engin- 
eering in engineering design. Papers included are— 

Digitalker (National Semiconductor trade name) 
speech synthesis system; an introduction to the 
General Instrument family of speech synthesis 
devices; designing a speech system with speech 
synthesis integrated circuits (Texas Instruments); 
applying board-level synthetic speech products 
(Telesensory Speech Systems); making your design 
team more effective (Hewlett-Packard); software 
project management; economics of capital equip- 
ment/logic development systems, CP/M compati- 
ble operating systems. Price: $55.00 



CUSTOM IC PROCEEDINGS [1981] C1 

This proceedings includes 13 papers and is 241 
pages in length. All material has been especially 
written for this conference and has not previously 
appeared in print. The following subjects are 
covered— 

Bipolar ICs, analog circuits, use of CAD, custom 
versatility, digital circuits (Silicon Systems, Inc.); 
Ten rules to follow in using custom gate arrays 
(Master Logic Corp); a customer interactive system 
for the design of custom MOS devices (ZyMOS) ; 
the semi-custom concept, analog bipolar arrays 
(Interdesign) ; custom VLSI, system partitioning, 
timing model, mapping functions (VSLI Technol- 
ogy) ; software approach to LSI design, macro cells, 
logic simulation, component placement, autocon- 
nect, postprocessor, design verification (Applied 
Micro-Circuits Corp.); criteria for fully crafted 
custom design, the design phase (Standard Micro- 
systems Corp.); use of predesigned CMOS cell 
functions to develop proprietary custom chips, 
quick turnaround techniques (Alphatron); the un- 
committed, logic gate or transistor concept (Mitel); 
classical custom vs. customer-owned tooling (Syn- 
ertek); packaging considerations (Cermetek); the 
equipment and facilities required for custom and 
selection of the custom wafer fab house (PMI); 
choosing a semicustom program (Signetics). Price: 
$75.00 
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KEEP ABREAST 

HAVE THE LATEST DESIGN 
INFORMATION AT YOUR 
FINGERTIPS 

ORDER YOUR 
PROCEEDINGS NOW! 



LINEAR IC PROCEEDINGS [1981] L3 

This proceedings contains 26 papers in a 432-page 
volume. All papers especially prepared for this 
conference. Application information for the follow- 
ing devices is given— 

OP-27 (industry's lowest-noise high-speed preci- 
sion op amp), multi-function analog signal proces- 
sor, very fast sample-and-hold amplifier (PMI); 
analog switches and DG308 which digitally switch- 
es analog signals (Siliconix); MC6890 MPU-com- 
patible DAC and power-supply devices (Motorola); 
a CMOS A/D converter which provides serial data 
interface and multiple analog inputs, a low distor- 
tion wideband power op amp (National Semi- 
conductor); microprocessor interface circuits (Spra- 
gue); micro-packaged linear products (Signetics); 
12-bit A/D converters (Micro Networks); power- 
supply circuits and multiplexed alphanumeric dis- 
play drivers (Intersil); log/log ratio amplifier and 
low-noise FET-input op amps (Burr-Brown) ; analog- 
input fiber optic circuit (Burr-Brown) ; VMOS output 
amplifiers (Teledyne Philbrick); Am6688 100-MHz 
A/D converter (AMD); 12-bit DAC with 250-ns 
settling time (Teledyne Philbrick); 9-bit flash A/D 
converter (TRW); op amps (Texas Instruments); 
micropower timing circuits (Exar); stepper motor 
driver (Motorola) ; data aquisition components (Har- 
ris) ; TL066 power-ajustable BiFET op amp (Texas 
Instruments); latch/sink drivers, fluorescent dis- 
play drivers and high-power addressable latch/sink 
drivers (Sprague). Price: $95.00 



MICROPROCESSOR/DIGITAL [INCLUDING TELE- 
COMMUNICATIONS] PROCEEDINGS [1981] M4 

Twenty-three papers are presented in this 477-page 
proceedings. Every paper was prepared especially 
for this conference and has not been published 
elsewhere. The following devices are covered— 

6545 CRT controller chip for use with Z8 type 
microprocessors (Synertek); 8-bit CMOS micro- 
processors and one-chip microcomputers (Motor- 
ola); MC6805 family additions (Motorola); powerful 
8-bit, single-chip microcomputers, uPD7800 family 
(NEC Microcomputers); Manchester encoder-deco- 
ders (Harris Semiconductor); digital correlators 
(TRW); microprocessor for frequency locked loop 
applications (General Instrument); Am2960 family 
for error correcting memory systems (AMD); the 
iAPX 88 processor, 16-bit internal architecture with 
8-bit bus interface (Intel); multiprocessors (two or 
more microprocessors operating under a single 
operating system) (AMI); devices for floppy disk 
systems (Fujitsu); a data communications proces- 
sor (Zilog); bubble memory systems (Intel); data 
ciphering processor (AMD); switched capacitor 
circuitry for telecommunications (Silicon Systems 
Inc.); ISO-CMOS telecommunications products (Mi- 
tel); monolithic subscriber line interface circuit 
(Harris); subscriber line card subsystem (National 
Semi); integrated digital line card (Motorola); 
modem design (Cermetek); microcomputers for the 
1980's (Intel). Price: $95.00 



Proceedings 



Electronic Design Conferences VVlfOllol^lo 
RO. Box 1021 r% VCll ICHJIC? 

Melville N.Y. 1 1747 
Send the following proceedings: 

□ Linear IC Proceedings. 1981. L3. 432-pp. $95. 
[ Microprocessor/Digital Proceedings. 1981. M4. 477-pp. $95. 

□ Custom IC Proceedings. 1981 C1. 241-pp. $75. 
Speech Synthesis/Software Proceedings. 1981. S1. 171-pp. $55. 

□ 1980 Linear IC Proceedings (2 volumes). $85. 

□ 1980 Microprocessor/Digital Proceedings (3 volumes). $95. 
U 1980 Proceedings From Telecommunications IC Conference. 360-pp. $85. 
Make check payable to Electronic Design Conferences. 
Overseas orders: Please make checks payable in U.S. currency. 

Name 

Title 

Company 

Street 



City State Zip . 
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tone generator... only $3.95.* 



This CMOS dual-tone multi- 
frequency tone generator is ideal 
for telephone tone dialing systems 
and other tone encoding applica- 
tions. 

• Easily interfaced to standard 
push-button telephone keypad. 

• Operates on telephone loop 
current, regulated DC or battery 



power from 2. 5 to 10V. 

• Inexpensive TV crystal provides 
high accuracy. 

• Greater versatility than with a 
discrete design. 

• The CD22859 gives you all of this 
for only $3.95* 

Most important, this device is 
from the people who first broughtyou 



CMOS. And it's just the beginning of 
an ongoing commitment to the tele- 
communications industry. 

For more information, contact 
any RCA Solid State sales office or 
appointed distributor. 

Or telephone Lee Miller, 
(201) 685-7212, in Somerville, NJ. 

*U.S. optional distributor resale. 100+ price. 



RCA Solid State headquarters: Somerville, NJ. Brussels. Sao Paulo. Hong Kong 
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With a cost potentially one-tenth that of magnetic tape as an attraction, 
optical disks are being groomed to supplant tape for read-only archival 
storage. But erasable optical-disks remain in research. 



Optical disks loom 
as replacement for tape 



The promise of optical disks — data storage at 
higher density and much lower cost than magnetic 
tape — appears destined to become a widespread 
reality in the next five years. New efforts by re- 
searchers are aimed at improving both the storage 
medium and the read/write lasers of the emerging 
system. As this work succeeds — and major 
laboratories are confident that it will— optical disk 
data storage will find a waiting market. 

Consider this: The federal government alone is 
using about 27 million reels of computer tape, accord- 
ing to a projection by the National Archives (the 
agency concluded in 1975 that there were then nine 
million reels and that use was growing at an annual 
rate of 5%). Add to this the millions of reels used 
in banking, insurance, and other industries of the 
United States, and the savings with optical disks 
could be enormous. One study by an independent 
research group, Strategic Inc. (San Jose, CA), puts 
the cost of magnetic tape at $0.02/Mbyte, against 
the $0.002/Mbyte that is expected for a fully de- 
veloped optical disk storage system. 

The present storage 

medium for an optical 
system is typically a 12-in. 
disk coated with a thin film 
of tellurium. Data are stored 
in the form of micron-sized 
holes burned permanently 
with a laser into the disk's 
highly reflective metal sur- 
face (Fig. 1). To retrieve the 
information, a lower-power 
laser detects these holes as 
points of nonreflectivity on 
the surface. 

There are several prob- 



Jonah McLeod 

Field Editor 




lems with this system that call for improvements. 
The major ones are these: 

■ The disk is a write-once medium; it cannot be 
erased. 

■ The thin layer of tellurium is unstable; it oxidizes 
and becomes useless in about 10 years. 

■ The error rate of the optical medium exceeds that 
of present storage methods. 

■ The gas lasers available today — argon for the 
write head and helium-neon (HeNe) for the read head 
—are costly. In addition, argon lasers are big and 
must be water-cooled. 

In general, the research efforts are aimed at 
getting more durable medium than tellurium and at 
developing smaller and cheaper semiconductor 
lasers. 

Reaching for erasability 

To address the problem of erasability, potential 
medium suppliers are attempting to develop 
alternative methods of storage to the burning of 
holes but that would still use lasers to read and write 

information. Two com- 
panies with programs in this 
area are Corning Glass 
Works (Corning, NY) and 
Energy Conversion Devices 
(Troy, MI). 

According to a report on 
optical storage media by 
« A Strategic Inc., Corning is us- 
M^m ing a silver-halide film, 
while ECD uses a thin layer 
of amorphous semiconduc- 
tors (noncrystalline glass). 

In Coming's approach, a 
linearly polarized helium- 
neon laser is used to write 
and erase; reading is done by 
a lower-powered gallium- 
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Memory Technology: Optical disks 



arsenide semiconductor laser. Writing occurs when 
a polarized laser beam induces optical anisotropy in 
a spot on the medium (Fig 2). The bit is erased when 
the erase laser is rotated 45° from the polarization 
direction of the write laser. 

During a read operation, the read laser, which has 
insufficient power to change the polarization of the 
spot on the halide film, applies its read beam to the 
spot. Like the erase beam, the read beam is rotated 
45° from the polarization of the original write beam. 
The anisotropic spot reflects the beam with a bire- 
fringent effect (the refraction of light in two slightly 




1 . Submicron-size holes store the data in a Philips Labs' 
experimental optical disk system in a metal disk media. 



Write 
beam 



■ Polarization 
direction 
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2. With Coming's erasable media, a write beam (a) polarized 
in one direction induces optical anisotropy in a spot on the 
media. To erase, another beam polarized 45° from the first 
removes the anisotrpy (b). During read, a lower power laser 
producing light polarized 45° from the write beam induces 
a birefringence in the recorded spot, which is detected by 
an analyzer crossed at a 90° angle from the read light.(c). 



different directions to form two rays), and the 
written bit is detected through an analyzer that is 
crossed at a 90° angle to the read polarization. 

The lure of nonerasability 

While erasability is desirable in many applica- 
tions, there are others where a nonerasable medium 
might be preferred. For archival applications, for 
example, there is no real need for erasable media. 
Similarly, in the banking industry, it is a benefit to 
have a write-once storage element, like the optical 
disk, for auditing and security reasons. (Gone would 
be the days of a clever programmer loading some 
bogus account with electronically stolen funds. Now 
there would be a trail of transactions leading back 
to the thief.) 

In transactions using a write-once storage system, 
a file could be written one day and updated sometime 
later. To accomplish the update, the entire file could 
be rewritten at another location on the optical disk. 
Then, a pointer could be in the out-of-date file 
directing the way to the current file. In this way not 
only would the computer system find the current file, 
but it would also have a complete audit trail with 
visibility back to the original file. 

While this looks good on paper, there is one 
significant hitch: the software to implement this 
data-base management system. Current systems are 
structured around erasable files. To support a system 
that could keep track of every discarded file, while 
allowing rapid access to current files, would mean 
an entirely new systems approach. 

The pros and cons of tellurium 

In the volatility of its present medium, tellurium, 
the optical disk is also impeded. For archival storage 
users want up to 100-year storage lifetimes. Several 
solutions have been proposed, ranging from mixing 
the metal with other less-volatile substances to using 
entirely different storage mediums. At first glance, 
tellurium does not look that bad when stacked 
against magnetic tape. 

The tape must be maintained at a moderate 
temperature in an environment where humidity is 
controlled (tape loves water). To maintain data 
integrity, each tape must be rewritten every three 
to five years. 

A tellurium-based disk, on the other hand, can 
stand large swings in temperature, is unaffected by 
humidity, and can last up to 10 years before data 
are lost. Moreover, each disk can accept the 
equivalent of 40 reels of magnetic tape, a volumetric 
storage advantage. 

The optical disk also lends itself to faster data 
retrieval. Juke-box storage systems, like those under 
development by Philips Laboratories (Briarcliff 
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Table 1 . Comparing optical memory disks 












Manufacture 








Pregrooving, 


Use with 


without 




Company 




Preformatting, 


semiconductor 


vacuum 


Media type 




Erasable 


prerecording 


laser 


system 


Silver halide 


Many 


No 


No 


No 


Yes 


Tellurium 


Many 


No 


Yes 


Yes 


No 


Drexon 












media 


Drexler 


No 


Yes 


Yes 


Yes 


Bismuth 


Many 


No 


Yes 


Perhaps 


No 


Rhodium 


OMEX 


No 


Yes 


No 


No 


Titanium 












trilayer 


RCA 


No 


Not likely 


Yes 


No 


Thermode- 












gradable/ 


Thomson- 










metal film 


CSF 


No 


Not likely 


Yes 


No 


Solvent- 












coated 


Kodak 


No 


Not likely 


Unknown 


No 


Photodichroic 


Corning 


Yes 


Not likely 


Unknown 


Unknown 



Source: Drexler Technology 



Manor, NY) and RCA Advanced Technology 
Laboratories (Camden, NJ), can store 25-million 
Mbytes of information, with access to any informa- 
tion in less than a minute. In addition, the informa- 
tion on any one optical disk is available by random 
access, unlike tape, whose stored information must 
be accessed sequentially. 

Extending the medium's life 

Researchers can build longer-lived tellurium- 
based disks by mixing the volatile metal with some 
alloy, as well as by sealing the surface with overcoats 
to prevent atmospheric elements from encouraging 
oxidation. Overcoats typically tested so far have 
included silicon dioxide and polymethyl metracrylate 
(PMMA). In addition, tellurium could be replaced 
with other metals or organic material. (For a partial 
list of alternatives, see Table 1.) 

In seeking substitutes for tellurium, researchers 
are looking for media that would require low writing 
energy, be easy to read, be inexpensive to manufac- 
ture, and have a high signal-to-noise ratio with low 
readout error rates— all of this and long archival life, 
too. 

Several alternatives that meet these criteria hold 
promise. They include a bubble-forming medium 
from 3M (Minneapolis, MN), Drexon from Drexler 
Technology (Palo Alto, CA), and a number of disks 
that use organic dyes instead of metal to hold the 
information. 

In the bubble-forming disk, information is stored 
as well-defined submicron-sized bubbles, or blisters, 
in the top layer of a trilayered disk. The bubble- 
forming layer is made up of a thin, tough film of 
nonvolatile refractory material that absorbs light 



easily. Beneath this is an optical spacer, and below 
that is a reflective metal layer. All rest atop a 
substrate of glass, polymer, or metal. 

In operation, an argon laser with a 488-nm 
wavelength impacts the top film which absorbs the 
energy, which, in turn, produces heat. The heat 
prompts outgassing at that point on the layer, and 
this causes the film to bulge into a bubble. As the 
bubble forms, the spot grows reflective, thus produc- 
ing a highly reflective spot on the disk surface, where 
before the spot was light-absorbing. The reflective 
spot can be read as a data site. 

The reflective spot also self-limits the laser's 
effect. Since it no longer absorbs the light, the 
gassing resulting from the acquired heat stops, thus 
forming a uniform bubble of a specific size. To read 
the mark, a lower-powered, longer-wavelength (830- 
nm) diode laser is used to detect the high optical 
contrast between bubbled and unexposed areas of the 
disk. 

The advantages to this medium are numerous. It 
needs only low writing power (4 mW), has a high 
carrier/noise ratio (50 dB), and appears to offer long 
life, since the bubbles, once formed, should remain 
raised for many years. 3M has tested the bubbles 
by mechanically attempting to cause them to deflate, 
and it reports they have survived these attempts. The 
temperature and humidity resistance of the bubble- 
forming medium are comparable to that of tellurium 
or better. 

Drexon, another possible substitute for tellurium, 
is commercially available. It has a top layer, or crust, 
an underlayer beneath that, and a substrate layer 
below that (Fig. 3). In the crust, two types of 
submicron-sized metal particles are suspended and 
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evenly distributed in an organic colloid (gelatinous 
substance). 

One type of particle is a spherical reflective crystal 
used to achieve a high level of reflectivity. Like a 
tellurium disk, the surface resembles a mirror. The 
second particle is a black filamentary silver that 
absorbs heat readily. In operation, a laser beam hits 
the disk surface and heats the black particles quickly, 
thus causing the colloid to melt away at that point. 
This creates a spot of nonreflectivity in a highly 
reflective surrounding field. 

Neither of the two particles is subject to oxidation; 
hence, there would be unlimited storage life. And 
the black particles heat so readily that little writing 
power would be required. 

Using dyes for data storage 

Dyes also are under consideration as data storage 
media, and they offer distinct advantages over 
metals. First, they can be made more cheaply. Then, 
the manufacturing process should also be less 
hazardous — tellurim manufacture involves handling 
toxic materials, which can create problems for 
workers, not to mention the added cost of safety 
precautions. Dyes are not subject to this problem. 

Dyes should also require lower write power, thus 
making it possible to use less expensive and smaller 
semiconductor lasers when they become available in 
volume. The one drawback to dyes could be their 
lifetime under heavy data accessing, but little is now 
known about dye lifetimes. 

Among the media that use dye/binder materials, 
two look very promising. One is from Kodak Re- 
search Laboratories (Rochester, NY) and the other 
from IBM (San Jose, CA). 

Kodak's medium, according to the Strategic re- 
port, uses a 130-nm-thick layer of organic dye/binder 
as its storage medium. The recorded spot does not 
extend through the organic coating. Instead, it forms 
a flat-bottomed depression that is light-absorbing at 
one wavelength and transparent at another. Accord- 
ing to the report, the thickness and melting charac- 
teristics of the dye/binder can be varied to maximize 
absorption and reflection. To write a bit of data 
requires a low-power pulse of between 10 and 20 mW 
for 25 ns. Thus, this medium is well-suited for high- 
speed data storage. 

IBM's dye/binder material is hydroxy squarylium 
(OHSq). When a spot is burned on the media, there 
is a change in reflectivity that can be detected as 
data, during the read operation. According to the 
study, IBM has found that the material has strong 
optical absorption at wavelengths of 800 nm and 
below, thus making it possible to operate in the 
infrared spectrum. It also has been found to have 
excellent thermal and optical stability. Its write and 



read characteristics are said to be comparable to 
those of tellurium, and it is relatively easy to 
manufacturer. 

Zeroing in on errors 

Turning to yet another desirable characteristic 
being sought in an optical storage medium— im- 
proved error rate — most authorities agree that a 
corrected error rate of 10- 12 is required before optical 
disks can hope to replace magnetic data storage on 
a wide scale. Typical error rates reported at present 
by most vendors in the field indicate a raw rate of 
1 per 10~ 5 or 10~ 6 bits. The rate for the Drexler 
Technology disk is said to be 10- 7 , an order of 
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3. Drexler Technology's Drexon media consists of an upper 
crust containing silver grains of filamentary and spherical 
shapes suspended in a colloidal binder; the former heats 
easily, the latter provides high reflectivity. To write, a laser 
burns away the binder, leaving a spot of low reflectivity, which 
can be detected by a read laser. 
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4. Vernier positioning of a read/write head over the disk in 
this Storage Technology Corp. simplified block diagram of 
a storage system is accomplished with a radial tracking 
mirror, while a focus system compensates for undulations 
of the disk surface that can cause the light beam to be out 
of focus. 
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magnitude better than other metal-based media. 

With magnetic disks, the platter is error-corrected 
before it ever reaches the customer. Skips are in- 
serted in the drive to avoid those spots on the disk 
where magnetic properties are insufficient to retain 
data. 

According to Juan Rodriguez, vice president for 
research and technology, Storage Technology Corp. 
(Louisville, CO), error-detection and recovery tech- 
niques will become integral parts of optical disks 
used for data storage. In effect, these techniques will 
be used to eliminate errors in real time. 

Getting at the data 

Another element of the optical disk drive that 
demands improvement is the mechanism for locat- 
ing, reading and writing information on the disk 
medium. Three elements perform this function: the 
heads used to write and read information, the 
mechanical positioner, and the optics that ensure 
that the read-write beam is focused properly. 

While the mechanism to move the read/write 
element over the optical storage medium is similar 
to that of a magnetic disk storage system, significant 
enhancement of accuracy is needed in an optical 
system. Magnetic drives store information in 
circular tracks on the disk at a density below 1000. 
Optical systems would begin with a density 
somewhere around 4000 to 5000 tracks/in. That calls 
for a much-improved positioning mechanism to re- 
solve such densely packed track spacing. 

In a typical magnetic disk drive, a voice coil moves 
an actuator with read/write heads horizontally 
across the disk surface, perpendicular to the axis of 



rotation of the disk. A closed-loop servo ensures 
accurate positioning of the heads over the ap- 
propriate track. In an optical disk system, such a 
servo loop would provide coarse positioning of the 
heads. Thereafter, another servo positioner would be 
needed to control vernier location of a specific track 
within a group. 

A simplified diagram of a vernier positioning 
system by Storage Technology System is shown in 
Fig. 4. The galvanometer is a lightweight motor that 
alters the angle of the radial tracking mirror. If the 
mirror angle is bent, the beam position can be moved 
very accurately on the disk surface to locate the 
appropriate track. Moreover, the actual positioning 
can occur very rapidly— five to 10 times faster than 
the mechancial actuator. 

Other more esoteric solutions might serve this 
application as well. Frank Sardello, vice president 
of the Recording Technology Center at Memorex 
(Santa Clara, CA), describes one as a method de- 
monstrated by Zenith some 10 years ago. It consists 
of a lens that could deflect a beam of light without 
mechanical motion. To effect the deflection, the 
crystal structure of the lens is altered electrically. 
This in turn changes the index of refraction. Ten 
years ago there were no takers for this novelty; 
however, with the advent of optical storage systems, 
such a beam-steering device might find new applica- 
tions. 

Another servo within the Storage Technology 
head-positioning mechanism controls focusing of the 
laser beam used for either read or write operation. 
This is shown in Fig. 4 as the focus system. A beam 
of light directed at the disk surface is reflected back 
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5. In the Philips Labs' optical system, the write beam passes through the acousto-optic modulator 
where data is added to the beam. The read beam passes through the grating, is split into three beams, 
which are reflected from the disk surface, and is deflected by the beam splitter to the diode where 
data is extracted. 
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into the servo system, indicating any surface undula- 
tions on the disk. Such undulations are critical, since 
the focus of the read/write beam must be within a 
micron of vertical space. Using the reflected focusing 
beam, a voice coil moves the objective lens directing 
the read/write light onto the disk surface, up or 
down, to focus the beam very precisely on the disk 
surface. 

Another optical positioning method under develop- 
ment (Fig. 5) is part of an experimental digital optical 
recorder by Philips Laboratories (Briarcliff, NY). 

According to Philips' George C. Kenney, group 
director for electronic and optic systems, light from 
one of two lasers is directed in either of two direc- 
tions, depending on whether the light is used for a 
read or write operation. Light from the lasers is 
polarized in one direction for read and in another 
for write. The polarizing prism at the laser and at 
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6. The RCA Advanced Technology Labs optical system 
shown above allows eight tracks to be read and written 
simultaneously. Such a system allows for very high data 
transfer rates. 

the objective direct the light in the appropriate 
direction. Light through the acoustic-optic 
modulator is routed through the polarizing prism, 
spot lens and tracking mirror to the objective, which 
directs the beam to the disk surface. Data are 
modulated onto the light beam by the acoustic-optic 
modulator. 

The read beam consists of a three-beam array 
produced by the grating from a single beam. Two 
of these are used for radial tracking, to ensure that 
as the disk rotates, the read/write head stays directly 
over the track and does not move to either side. The 
remaining beam is used for reading and focusing. 
During focusing the read beam is deflected by the 
50% beam splitter to the tracking and cylinder lens. 
If the disk surface undulates upward or downward, 
the beam in the cylinder lens becomes elliptical in 
one direction or the other. 



This anomaly is detected by a photo diode, and 
a correction signal causes the objective to be moved 
closer or farther from the disk surface to com- 
pensate. Read data are extracted from the read beam 
by electronics beyond the diode. To effect read-after- 
write operation, the record and read beam are 
angularly separated along the track, with a 10-to-20 
bit delay between the two. 

The performance of this system of optics is a 
minimum 5 Mbits/s transfer rate using a single beam 
and writing one beam at a time. 

Improved optics boost data rate 

Another design intended for faster data-transfer 
rates achieves a speed of 400 Mbits/s. This system 
was developed by RCA Advanced Technology 
Laboratories (Camden, NJ). According to RCA's G.J. 
Ammon, unit manager in the Applied Physics Lab, 
the increased speed is achieved through the optics 
of the system (Fig. 6). 

In this scheme, the laser write beam passes 
through a cylindrical beam expander (CBXi) and a 
phase grating function (PG). The light is split by the 
phase grating into eight distinct beams. The beams 
move to another cylindrical beam expander and then 
to a multichannel acousto-optic light modulator 
(MCAOLM), which is a single-crystal acousto-optic 
cell with eight closely spaced transducers, which 
individually modulate the eight input beams. Each 
modulates at 50 Mbits/s, thus eight channels with 
a total 400 Mbit/s data rate. 

The remainder of the RCA optical system is 
similar to a single-beam system. The beam expander 
provides the magnification to fill the objective lens. 
The polarizing beam splitter (PBS) and quarter-wave 
plate (A/4) apply the write beams to the disk surface. 

During the read operation the lower-level read 
beams are added to the write beams just before the 
beam-expander function. Both read and write beams 
pass through the polarizing beam splitter and A/4 
function to the disk surface. However, during a read 
operation the lower-level read beam is reflected back 
through the A/4 and polarizing beam splitter into 
the read detector function (D) via lens L3. The 
polarization difference of the reflected read light 
from the write beam causes the A/4 function to route 
the read beams through the polarizing beam splitter 
to the detector, unaffected by the write function 
going on simultaneously. 

While read and write can occur simultaneously, 
the read and write beams are separated in time on 
the disk; the read beams follow the write beam by 
a few microns. The system achieves this separation 
by angling the read beam slightly behind the write 
beam on the disk surface. 

Providing the beam that writes on and reads from 
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the disk is the job of lasers. Up to now, gas lasers 
have done the job, the two most favored being the 
argon and HeNe. But that is beginning to change 
with the advent of semiconductor lasers, which can 
do the job better. 

Lasers that read and write 

Argon lasers can produce power levels over a watt, 
while HeNe come in between 20 and 50 mW. The 
wavelengths on these devices are very short — 4880 
and 6328 angstroms, respectively. The argon laser 
is typically used for writing and the HeNe for 
reading. 

For writing, the high power and narrow 
wavelength of the argon laser can produce very small 
submicron dot sizes and very fast writing speeds 
Thus the information can be packed very densely on 
the disk and at high data-transfer rates. The lower- 
powered HeNe laser offers lower cost and smaller 
size over the argon laser; hence it is used for reading 
typically. 

But while gas lasers offer these advantages, they 
also have drawbacks. Argon lasers are big, some 
versions being six feet long. Because of their high 
power, argon lasers must also be cooled with water, 
and as might be expected, they're not cheap. 

In addition, the argons operate continuously dur- 
ing a writing operation; the beam is always on. The 
laser tends to wear out more quickly than it would 
under intermittent operation. To write, the output 
beam is modulated, requiring external electronics 
and optics. Finally, there is a warm-up time of 
several minutes needed for the unit to stabilize after 
it is turned on. 

Enter the semiconductor laser, which seems likely 
to do to gas-tube lasers what the semiconductor 
transistor did to the vacuum tube. Diode lasers are 
smaller, will cost much less and last longer than gas 
units, and they will not require external modulation 
electronics and optics. 

Because of its small size, a diode laser can be 
mounted right on an optical disk actuator, much like 
the present setup in magnetic disk drives (Fig. 7). 
In effect, the read/write laser can be moved across 
the disk surface to perform its function. The cost 
will be less because, like any semiconductor product, 
the lasers can be mass-produced with conventional 
technology. 

Diode lasers are expected to last longer, not only 
because they are semiconductors, but also because 
of the way they operate. Unlike gas units, diodes can 
be modulated by an input sign turning the laser on 
and off; hence the diode is not on continuously. 

Still, there are potential problems with diode 
lasers that will have to be solved. They have low 
output power and longer wavelengths than gas 



lasers, and they do not produce light in a highly 
directed beam, as do the gas lasers. The output power 
is typically under 20 mW, which affects data- 
transfer rates. With a 40-mW gas laser, a 60-Mbit/s 
transfer rate is possible, while a more realistic level 
for a diode laser would be below 20 Mbits/s. Using 
a faster transfer rate with lower-power lasers would 
result in spots that blurred together indis- 
tinguishably. 

Finally, diode lasers would encounter difficulty in 
producing a highly directed beam. In most diode 
lasers the light is emitted in dispersed multimode 
fashion, rather than in a directed (single-mode) 
manner. One solution has been to use optics to focus 
the light into a beam at the output of the laser. 
However, more recently strides have been in produc- 
ing one coherent beam of light from a diode. 

To achieve this, a waveguide is fabricated into the 
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7. In the Philips' simplified actuator assembly shown above 
with semiconductor lasers, the read/write head becomes part 
of the actuator that slides across the disk surface much like 
a magnetic disk. 

laser during its manufacture. 

One version from Optical Information Systems 
(Elmsford, NY) uses a buried heteroj unction large 
optical cavity structure to produce a laser capable 
of 20 mW of continuous output power, with a pulse 
power of 40 mW. RCA (Princeton, NJ) is also 
confident of having a diode laser capable of 40-mW 
pulse power. The laser it is developing uses a con- 
stricted junction double-heterojunction optical cavi- 
ty to produce a very directional output beam of light. 

According to Mike Ettenberg, head of the Optoelec- 
tronics Systems lab at RCA (Princeton, NJ), the RCA 
laser has undergone 10,000 hours of evaluation, and 
the company is confident that it will be able to 
manufacture it soon. 

Another company said to have laser diodes capable 
of 20 to 25 mW output is Hitachi (Chicago, IL).D 
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Introducing the 16K static RAM 
that's seen the light. 




Component level redundancy with 
laser-blown polysilicon links. Smaller 
die size. High speed and superior 
performance. This is just part of the 
story behind our new MK4167 static 
RAM. 

The MK4167 has a JEDEC- 
proposed, standard 20-pin configu- 
ration. It's organized as 16K x 1. Has 
fast 55ns access and cycle times. 
Low 120ma active and 40ma stand- 
by currents. A single +5 volt power 
supply. It has speed, low power, 
reliability — everything you've been 
looking for in a 16K static RAM. So, 
we could have stopped there. 
But that's not Mostek. 
On top of its other features, we 
designed the MK4167 to satisfy high 
volume demands. We enhanced 
manufacturability and lowered cost 
with smaller die size and redundan- 
cy. Redundant columns are used to 
replace non-functional bits, result- 
ing in significantly higher yield per 
fer. 

LASER PULSES VAPORIZE LINKS 

We use laser pulses to open poly- 
silicon links and select redundant 
columns within the circuit. This 
technique completely isolates the 
non-functional bits. Mostek is one 
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of the pioneers of this state-of-the- 
art process. 

The MK4167 has the ideal organi- 
zation, speed, and power characteris- 
tics for a broad range of applications, 
including main, buffer, cache, and 
control storage memories. With its 
superior performance, high density, 
and low cost, many new applica- 
tions for this device are possible. So, 
once you've designed it in, you will 
need a supplier you can depend on 
to deliver next week. And next year. 

That's Mostek. 

Send for more information on 
MK4167. Write Mostek Corporation, 
1215 West Crosby Road, Carrollton, 
Texas 75006. Or phone (214) 323-6000. 
In Europe, contact Mostek Interna- 
tional at (32) 2.762.18.80. In the Far 
East, Mostek Japan KK (03)^04-7261. 
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Metal Oxide Covering 

Unopened Polysilicon Link 

Scanning Electron Micrograph of a 
polysilicon link which has been 
opened to select a redundant col- 
umn. The link was vaporized by a 
precision laser pulse. 



For a standard 
edge connector, 
our low-cost 
standard 
stands out. 

Standard dimensions are only a small 
part of the AMP Standard Edge 
Connector story. 

Another part is Accu-plate, the 
exclusive plating process that 
precisely plates different metals on 
the same contact— without waste. 
Nickel underplate, gold only where it's 
needed and tin lead on the legs for 
easy solderability. 

For high reliability, the bifurcated leaf 
spring contact compensates for board 
warp. And now you can have a version 




with our compliant action pin contact 
for solder less board mounting. 



Delivered on time through our 
computer-linked regional inventory 
system, these quality connectors 
even compete in price with more 
ordinary types. 



AMP Facts 



Accu-plate precision-plated gold only in contact 
area keeps costs down while maintaining 
performance. 
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Sizes and Dimensions: 6 to 50 positions on .100" 
centers (.200" row-to-row) and .125" centers (.250" 
row-to-row). Height-0.610". Card slot depth 0.295". 
Card extender version also available. 

Current Rating: 3 amperes. 
Resistance: 12 milliohms. 
Voltage Capability: 1000 VAC at sea level 
Operating Temperature: -55°C to +105°C. 
Insulation Resistance: 5000 megohms (minimum 
after humidity test). 

Vibration Test: 10 to 500 cycles per second (10 

G's peak). 

Engagement Forces: 8.0 ounces typical for .062" 
board. 

Humidity Test: 90-95% for 96 hours. 

Contacts are nickel-plated phosphor-bronze. 

Available with .025 2 " wrap-type posts or solder tails. 

ACTION PIN contact available for solderless 
application. 

For a free sample, call the AMP Standard Edge Connector Information Desk 
at (717)780-8400. 

AMP Incorporated, Harrisburg, PA 17105. AMPandACTIONPINaretrademarksotAMPIncorporated. 




J\IVI W* means productivity. 



ln4KCMU*KAMS, 

Harris Sets 
The Standard. 

Harris introduced the first 4K 
CMOS RAM in 1977...two years 
before the competition... and we are 
still, by far, the largest U.S. 
supplier: Setting the standard 
with our HM-6504/4K X 1 and 
HM-6514/1K X 4 devices. 

Today, Harris offers you the 
industry's largest selection of 4K 
CMOS RAMs. In a variety of 
commercial, industrial and military 
grades. With plastic, cerdip, chip 
and leadless chip carrier package 
options. Access time: 300 ns. 
Standby current: 50 /*A. 

These are all immediately 
available to you. Today. 

Put the Harris competitive edge 
to work in your systems designs. 
Call the Harris Hot Line: 
1-800-528-6050, Ext. 455 for 
Authorized Distributor or 
Expedited Literature Service. Or 
write: Harris Corporation, 
Semiconductor Digital Products 
Division, P.O. Box 883, Melbourne, 
FL 32901. 



Harris Technology... Your Competitive Edge 
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TMS4164 

The performance leader. 
From Texas Instruments. 
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When we began de- 
signing the 64K 
RAM, we decided to 
make it better than 
the 16K. Not just 
four times bigger. 

What's better? In a 
word, performance. 
Add up high speed, 
reliability, low power 
and improved system 
operating margins, 
and you'll see why 
our superior per- 
formance puts the 
TMS4164 in a class all 
by itself. 

Faster access times 
The wide range of 
TMS4164 func- 
tionality and speed 
potential is demon- 
strated in the graph 
to the right. This 
illustrates the wide 
operating margins designed into 
the high-performance 150-ns 
TMS4164. And, even faster devices 
are on the way. 

Power dissipation 
At 125-mW typical, the TMS4164 is 
unequalled in the industry for low 
power dissipation. Power design 
features like interlocked clocks 
mean you use only as much power 
as you need. Only when you need 
it. Our optimum architecture, re- 
quiring only 256 sense amplifiers, 
assures you of minimum power 
dissipation and enhanced reliability. 
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Ease of use 

Two separate 8-bit internal buffers 
simplify use — one is for row ad- 
dress, one is for column address. 
TTL-compatible, one-clock opera- 
tion greatly expands input tim- 
ing flexibility and assures fast 
throughput. 



TMS4164 64K Dynamic RAM 




4164-15 


4164-20 


4164-25 


Access Time Row Address (Max) 


150 ns 






Cycle Time Read or Write (Min) 


280 ns 


350 ns 


410 ns 


Cycle Time Read/Write (Min) 


280 ns 


350 ns 


410 ns 


Power Dissipation Operating (Typ) 


140 mW 


125 mW 


105 mW 



Lowest power surge 

Our 256 cycle refresh 
architecture has sig- 
nificantly reduced 
the current surge 
problem of designing 
with other dynamic 
RAMs. The resultant 
lower current spikes 
(s60mA), less than 
on one 16K dynamic 
RAM, facilitate sys- 
tem power distribu- 
tion, increase noise 
immunity and im- 
prove board layout. 

And there's more 
The TMS4164 is the 
smallest 64K chip 
(35K mil 2 ) in produc- 
tion. Perfectly suited 
for use in main-frame 
computers and large 
minicomputers, the 
TMS4164 also finds 
ideal application in microprocessor- 
based systems which demand small 
size, low cost, and improved 
performance. 

Available now 

The high-performance TMS4164 is 
now stocked for immediate deliv- 
ery. Order today from your nearest 
authorized TI distributor. Or, 
for more information, 
write Texas Instru- 1° 
ments Incorporated, ^-J CTL 
P.O. Box 202129, 
Dallas, Texas 75220. 
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Texas Instruments invented the integrated circuit, microprocessor and microcomputer. Being first is our tradition. 



E 1981 Texas'lnsjruments Incorporated 



Texas Instruments 

INCORPORATED 85011A 
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Thin is in! 




— — I — m 





Seagate Technology announces 
another first. The Inventor of the 
5'/4-inch micro-Winchester™ now 
brings you thin film heads and 12.76 
megabytes on just two platters — 
double the capacity of current ferrlte 
head drives. 

The new ST512 micro- 
Winchester with thin film heads stores 
10202 bits per inch and doubles the number 
of tracks from 612 to 1224. Increased bit 
packing permits recording closer to the disc 
center and eliminates the need for write 
precompensation. 



No change in form factor or 
interfacing. The ST5 1 2 doubles storage 
capacity without changing your system 
configuration. Size and shape exactly match 
Minifloppy and ST506 micro-Winchester. 
Just as important, the ST5 1 2 uses the same 
recording format, 5 MBits/sec. data transfer 
rate and DC voltages. You can use the 
same interface and power supply 



Think what ST512 could do for 
your system. Perform interactive, on-line 
jobs without being disc limited. Offer faster 
random access to inventories and other 
long listings. Run prompt-driven tutorials 
and other large disc-based programs. Share 
storage resources in local networks. Serve 
faster 16 and 32-bit machines. In short, 
provide faster access to more storage in less 
space. 

For complete specifications, circle 
our readers' service number. To order an 
evaluation unit, write, 
telex or phone. 



Seagate Technology 

360 El Pueblo Road Scotts Valley. California 95066 (408] 438-6550 TELEX 1 721 14 SCVL 
East Coast Sales Office: RO. Box 137 Allamuchy. New Jersey 07820 (201)852-6184 

"Turning the tide in fixed disc technology" 

™ micro-Winchester is a trademark of Seagate Technology 
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BASIC 




If they write it in Microsoft BASIC 
they'll only write it once. 



Transparent BASICs. Microsoft BASIC implementa- 
tions are user-transparent from system to system. 
That's what makes them the defacto standard of the 
industry. Applications programs written in Microsoft 
BASIC are transportable across systems with little or 
no modification. That's a powerful selling tool for an 
OEM. When a customer is ready to move up to a new 
system, applications software written in Microsoft 
BASIC is ready to move, too. That's why more OEMs 
build systems with Microsoft BASIC than with any 
other implementation of the language. 
More BASICs. There are Microsoft BASICs for Z80, 
8080, 6800, 6809 and 6502 microprocessors. Off 
the shelf BASICs for CP/M® and FLEX. There are 
Microsoft BASICs for the 8086 and Z8000 under 
such operating systems as CP/M-86® or the XENIX® 
OS. All of which means that when you're ready to 
migrate, you or your customers won't have to start 
developing applications programs from scratch. 
Interpreter and compiler. Write and debug pro- 
grams with the Microsoft BASIC interpreter. Save, 
execute and distribute programs with our ultra- 
efficient BASIC compiler. Microsoft BASIC compiled 
code is highly optimized, fast, and compact. 

CP/M is a trademark ol Digital Research, Inc. 
UNIX is a trademark of Bell Laboratories. Inc. 



Better BASICs. Microsoft BASICs have been in use 
for over six years and now have more than 700,000 
installations. What's more, more applications software 
has been written in Microsoft BASIC than any other 
BASIC. Here's why: Microsoft BASIC provides power- 
ful features such as WHILE/WEND, PRINT USING, 
CHAIN and COMMON, error trapping, protected files, 
EDIT command, trace facilities, PEEK and POKE, and 
dynamic string space allocation. Plus, we're adding fea- 
tures all the time — updates are free to most customers. 
OEMing hardware? Why not OEM software? Micro- 
soft's aggressive new royalty program makes it easy. 
Your initial investment is low and you pay us royalties 
only as you sell systems. Start with the BASICs. But 
don't forget Microsoft FORTRAN, COBOL, Pascal and 
the XENIX operating system (UNIX® for 16-bit micro- 
computers). If you'd like all the details about Microsoft's 
OEM royalty program, call our OEM Accounts Man- 
ager, (206) 455-8080. We'll show you how you can 
OEM software. 




WE SET THE STANDARD 

10800 N.E. 8th St., Suite 819 
Bellevue, Washington 98004 
(206) 455-8080 • TLX: 328945 
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Introducing 
a new editorial series 
for systems integrators 



l^oday's systems integrators face not only a steadily 
quickening pace of technological improvements 
from the component level up to the system level, 
but also, thanks to VLSI technology, a narrowing 
gap between the two. Yesterdays subsystems have 
evolved into todays single-chip components. VLSI 
chips have rendered obsolete major portions of 
systems that once consumed year-long efforts in 
design, assembly, and testing. 

T7LSI is also the prime mover behind the 
* proliferation of small computers carrying price 
tags within the reach of any manager in business 
or industry. Such computers are, in fact, 
becoming as indispensable a tool for managers 
as, say, the typewriter has been for the secretary, 
or the VOM for the service technician. Such 
rapid-fire hardware improvements mean little, 
however, without companion improvements in 
software, which has long been the stumbling 
block in designing efficient systems. But the 
availability of low-cost small computers for users 
who have little training in programming has 
brought renewed efforts in automatic software 
production. Thus, systems integrators must 
broaden their horizons to encompass VLSI-based 
microcomputer hardware. At the same time, they 
are finding a rich lode of software developments 
that can be transferred upward to larger systems. 

Systems integrators are also feeling the impact of 
steadily improving storage-device performance at 
ever lower prices. The floppy disk, developed by 
IBM as a read-only microprogram memory, has 
become virtually a universal means of mass 
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storage for small computers and has opened the 
way for more reliable, higher-capacity mini and 
micro-Winchester-disk drives. Such shifts in the 
price-performance criteria have further 
complicated the dynamics of systems planning. 

I^he growing interest in local-area networks is also 
placing new challenges before systems 
integrators. The concepts involved in data 
communications and distributed processing are 
hardly new, but now the systems integrator must 
respond to a growing customer demand for small- 
computer networks that allow many users access 
to system resources. Here, too, new approaches 
are required — specifically to meld architecture, 
software, and hardware into one efficient system. 

Tndeed, faced with changing tools, changing 
subsystems, and changing applications, todays 
systems integrators must change their basic 
approaches to systems design. Timeliness is 
becoming a critical element — a successful product 
must ride the crest of one technology well before a 
new wave can erode its underpinnings and 
capture the market. 

"C^lectronic Design's Systems & Software series will 
^■'present the authoritative, practical information 
todays systems integrators require as they 
prepare to tackle the problems raised by local 
networks, software automation, computer 
graphics, office automation, manufacturing, and 
scientific and engineering applications. Each 
installment in the Systems & Software series will 
present several articles examining principal topics 
from every angle. No other publication has 
focused its energies to such an extent on the 
critical issues facing the systems integrator. 
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GOING OUR WAY 

Why Intersil Is Your Best Multibus'Memory Choice, 
Regardless of Your Design Direction. 



512KB 
Single-Card 
NMOS Memory 



32KB 
Battery-Backed 
CMOS Memory 



Whether you're designing for high per- 
formance or for low power consumption, 
Intersil has a Multibus memory product 
that will get you going in the right direction. 

And whichever design route you take, 
Intersil has the track record to get you 
there successfully. On time and on bud- 
get. Because Intersil is the world's largest 
independent supplier of semiconductor 
memory systems, with more than 
8 billion bytes shipped in our 12 years 
of experience. 



MCB-512: HIGH PERFORMANCE 
IN A HIGH DENSITY MEMORY. 

Our new MCB-512 Memory Module 
packs up to half a million bytes of 470ns 
access dynamic RAM on a single mem- 
ory card, using 64K RAM devices to 
deliver higher performance and higher 
reliability. And because you need fewer 
memory cards, your systems cost is 
reduced, too. 

MCB-512 features include full Multibus 
compatibility with either 8-bit or 16-bit 
microcomputers, on-board single-bit 
error correction and double-bit error 
detection with LED indicators, on-board 
refresh every 15.6/as for faster through- 
put, 4K memory starting address 



boundary selection, optional external 
refresh control, and operation in battery 
backed systems. 

Single quantities priced at $5295 
(5I2K), $3350 (256K), and $1593 (I28K), 
the MCB-512 brings high performance 
memory prices down to earth. 



MCB-332: LOW POWER 
CONSUMPTION WITH 21-DAY 
DATA RETENTION. 

If you're designing for low power and 
battery-backed applications, join the 
crowd that's turning to our popular 
MCB-332. With non-volatile 4K CMOS 
static RAMs that draw a low 14/xW/bit 
maximum power. 

MCB-332 is fully Multibus compatible 
with either 8-bit or 16-bit microcom- 
puters. And if the on-board logic detects 
a power failure, rechargeable batteries 
retain data for up to 21 days. But low 
power consumption doesn't have to 
mean low speed: MCB-332 provides 
a 390ns maximum read access, and 
500ns minimum cycle time. 

Best of all, MCB-332 memories are 
available off-the-shelf in 2K, 4K, 8K, I6K, 
and 32K byte versions. 



CALL OUR HOT LINE COLLECT: 
(408)743-4442. 

Whichever way you're going — high 
performance or low power — get on the 
Intersil Multibus. To place an order or 
request complete literature, call our hot 
line. Or simply clip and mail the coupon. 
If you prefer, call one of our distributors 
directly: Alliance, Anthem, Arrow, R.A.E. 
Industrial Electronics Ltd., or Zentronics. 



I SYSTEMS DIVISION 

j Marketing Department 

I 1275 Hammerwood Avenue 

| Sunnyvale, CA 94086 

I Tel: (408) 743-4300 or 

I Hot Line: (408) 743-4442. 



Please tell me more! 
MCB-512 

Name/Title 

Company 

Address 



_MCB-332 



j City/State/Zip 

i Phone 

I 

| My program started/will start . 

j I anticipate annual usage of — 



cards. 

ED_93081 J 



^Multibus is a registered trademark of Intel Corporation 



man 

HilOIcliWIMl 



liBlllltriM«fcWJrilliRlill 



r«B fa ef 1 flBlllfflTiiiftBani 



PRICE: UNDER $2900 

WHEN: NOW! 

WHERE: YOUR LOCAL 
CORVUS 
REPRESENTATIVE 



* * CORVUS SYSTEMS 

* 

★ * 

5 MILLION BYTE 
MICRO WINCHESTER 
DISK SYSTEM 



CORVUS SYSTEMS 

* 2029 OToole Avenue 

San Jose, California 95131 
408 946-7700 TWX: 910-338-0226 




* Trademark of Digital Equipment Corporation 
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Local networks mushroom 
to increase productivity 



Local-area networks — high 
data-rate communications 
systems that interconnect 
multiple processors and shared 
peripheral devices — have been 
used for years in random 
applications in office buildings, 
plants, laboratories, and other 
small geographical areas. Over 
the past few years, however, this 
scattergun approach has been 
giving way to a concrete 
perspective. Economies offered 
by large-scale integrated circuits 
have spurred intense 
development of networks that 
will support office, factory, and 
laboratory-of-the-future 
concepts — specifically, an 
intelligent workstation on every 
desk, linked to such shared 
resources as data bases, printers, 
and telecommunications facilities. 

The driving force behind this 
effort is the need for greater 
productivity in nonmanufacturing 
activities. According to 
Dataquest, Inc. (Menlo Park, 
CA), business organizations 
would have to install a trillion 
dollars' worth of new equipment 
by the year 2000— $ll-billion a 
year — to match industry's 
investment per worker in 
automation. 

Leading-edge users of office- 
automation systems — mostly 
large corporations — plan to make 
their investments rapidly, but 
the needs of smaller 
organizations will remain unfilled 
for decades to come. By 1990, 
only a few percent of potential 
LAN applications will be filled 
(Strategic Business Services, 



Inc., San Jose, CA). 

LANs are being installed 
today as EDP systems with 
intraoffice extensions, using 
newly designed terminals that 
easily interface to a network, and 
as PBX systems with data sets. 
There are also a growing number 
of hybrid approaches: EDP-based 
networks with attached digital 
PBX systems, general-purpose 
microcomputer systems bundled 
with nets and software, and 

Local networking buildup at leading-edge users 
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simple disk-storage systems 
designed to serve a cluster of 
microcomputers. 

There are no hard and fast 
standards for LANs yet; 
therefore, as in the 
microcomputer startup era a 
decade ago, the potential for 
innovative applications is 
enormous. 

The future, then, belongs to 
the system integrator who can 
tailor hardware and software to 
his own customer's needs. The 
following series of articles aims 
at helping the systems integrator 
do just that, with discussions 
devoted to choosing an 
architecture; assessing the 
ongoing efforts to establish LAN 
standards; developing software, a 
process that is now the longest 
part of the learning curve; and 
selecting the hardware with 
careful cost evaluations to 
implement the scheme. 



• KSR/Video, telephones, key systems/PABX, printers, microcomputers, 
minicomputers. 

t Analog controllers, microcomputers, minicomputers. 
% Not analyzed. 

Source: Strategic Business Services Inc. 



Potential LAN applications 


(millions of line terminations) 




1980 


1985 


1990 


Office * 


3.12 


6.20 


14.50 


Operations * 


1.40 


2.60 


6.00 


Facilities t 


0.13 


0.25 


0.50 


Totals 


4.65 


9.05 


21.00 


Estimated attainable LAN i 


retaliations (millions of 


line 


terminations) 








PBX-based control 




0.07 


0.21 


EDP-based control 




0.05 


0.14 


Stand-alone LAN 




0.03 


0.10 


Intelligent LAN terminals 




0.02 


0.25 


Totals 


NA % 


0.17 


0.70 
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The accelerating growth in modem technology at Universal Data Systems has now produced the Company's first 9600 bps unit on 
a super-compact OEM board. Occupying about 1 00 square inches of PCB space, this microprocessor LSI modem offers dramatic 
space savings for designers who wish to package data sets internally in microcomputers, minicomputers or interactive terminals. 
The traditional UDS economy and reliability are inherent in the new 9600 bps modem. 

Contact UDS for complete technical details, or phone your UDS representative. Universal Data Systems, 5000 Bradford Drive, 
Huntsville, AL 35805. Telephone: 205/837-8100. 



Confidence in Communications" 





Data 




Member 



DISTRICT OFFICES: Summit, NJ. 201/522-0025 • Blue Bell, PA, 215/643-2336- Atlanta, 404/998-271 5 -Chicago, 31 2/441-7450 IDCMA 
• Columbus, OH, 61 4/846-7478 Dallas, 21 4/385-0426 ■ Santa Ana, 71 4/972-461 9 • Sunnyvale, 408/738-0433 • Boston, 61 7/875-8868 
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SOFTWARE 



Network architectures 
offer performance variety 



A broad range of LAN architectures 
have been developed for many 
applications; choosing one 
requires study of topology, protocol, 
and media. 

Most LANs have one of five basic topologies: star, 
loop, ring, common-bus, and broadband-bus systems. 
The topology generally goes hand-in-hand with the 
control architecture, which may be centralized, as in a 
PBX or time-shared computer or in an IBM business 
loop. Or the architecture may be partly decentralized, 
as in a new PBX with microprocessor-based sub- 
systems on each floor of an office building and some 
newer loops. It may be fully distributed in rings and 
buses, but a measure of central control may be added 
to handle priority traffic and a variety of services. 

Distributed control and protocols for implementing 
buses are coming to the fore because they are more 
compatible with LSI technology. Microprocessors and 
new interface chips placed in each node avoid the need 
for a large, complex central controller and allow a 
network to expand at incremental costs per node. 
Also, they help assure graceful degradation of the 
network instead of catastrophic failure. 

It is now practical to install a miniature counterpart 
of a nationwide packet-switching network within an 
office. Equipment manufacturers are beginning to de- 
sign into their products LSI counterparts of packet- 
switching minicomputer nodes. The chips shrink the 
interfaces from several boards to a single board, so 
that new networks will be competitive with tradi- 
tional point-to-point links. Moreover, the local data 
rates go very high — megabits per second instead of 
kilobits. 

Eventually the popularity of particular chip sets 
may lead to a few standard LAN designs for high- 
volume applications. For the moment, there is what 
one vendor calls "almost total confusion" in the mar- 
ketplace about which LANs are best for which ap- 
plications. It is not possible today to compare LANs 
on the basis of a few specifications, such as transmis- 

George Sideris, Contributing Editor 



sion rate and distance — the plots prove only that 
LANs have a broad range of applications (Fig. 1) 

Starting at the top of the per-channel performance 
range, one can pick from networks like these: 

■ H YPERchannel, for connecting mainframes, 
large minicomputers and memories at computer cen- 
ters (Network Systems Corp., Minneapolis, MN). 

■ WangNet, an office-oriented multichannel sys- 
tem for data, voice, and video communications (Wang 
Laboratories, Inc., Lowell, MA). 

■ Ethernet, an office-oriented system for data 
and — in the future — voice (Xerox, Digital Equipment 
Corp., and Intel — Fig. 2). 

■ Domain, an expandable minicomputer-based net- 
work (Apollo Computer Inc., North Billerica, MA). 

■ Primenet, bundled with proprietary computer 
systems (Prime Computer Inc., Framingham, MA). 

■ Net/One (Fig. 3), a general-purpose system for 
interconnecting normally incompatible equipment 
(Ungermann-Bass Inc., Santa Clara, CA). 



1. Local area networks (LANs) are filling the vacuum in the 
data-communications market between computer buses and 
the long-haul networks. Their data rates and transmission 
distances vary widely, because they are usually aimed at 
particular segments of the overall LAN market. 




0.1 1 10 100 1k 10 k 100 k 



Distance (m) 
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Systems & Software: LAN architectures 



■ ARC, bundled with proprietary computer systems 
with office extensions and digital PBX (Datapoint 
Corp., San Antonio, TX). 

■ Localnet, a multichannel, general-purpose, data 
network (Sytek Inc., Sunnyvale, CA). 

■ Modway, a flexible-architecture system for indus- 
trial applications (Modcon Div. of Gould Inc., An- 
dover, MA). 

■ Z-Net, an office-oriented system for local data 
communications (Zilog Inc. , Cupertino, C A). 

■ Omninet (Fig. 4), a shared-disk system for per- 
sonal computers (Corvus Systems Inc., San Jose, 
CA). 

■ Cluster/One, a flexible-architecture system for 
personal computers (Nestar Inc., Palo Alto, CA). 

■ Digital PBX systems, for voice and data com- 
munications (such as systems from Rolm Inc. , Santa 
Clara, CA and Northern Telecom Inc., Minnetonka, 
MN). 

Data rates are deceiving because they may have 
nothing to do with the system's traffic-carrying capac- 
ity and, hence, the number and variety of nodes on the 
network. Despite their relatively low data rates, for 
example, PBX systems can interconnect thousands of 



users. So can seemingly slow multichannel systems. 

To arrive at the cost/performance tradeoffs that 
make sense in any particular market area, LAN ven- 
dors must choose from several different options at 
each level of network design: architecture, protocol, 
and media (Tables 1 and 2). 

A look at topologies 

Of the five basic LAN topologies, the star arrange- 
ments are most like those used in time-sharing of 
central computers. Today, data and text processors 
only occasionally share resources. 

The newer loop configurations are often microcom- 
puter systems, with any microcomputer capable of 
acting as the loop controller should the one designated 
as the loop master fail. All can operate as stand-alone 
systems until one requires access to a shared re- 
source. 

These systems are usually bundled with network- 
ing software. They are popular in departments of 
large corporations and in smaller businesses that pre- 
fer to create their own local data base rather than 
depend continuously on services offered by time- 
shared systems. 



Table 1. Basic local-network architectures 



Topology 



Transmission 
mode 



Typical 
protocols 



Typical 
No. of nodes 



Advantages 



Typical 
systems 




Point-to-point 

via channel 
switch or com- 
puter memory 



RS-232C or 
computer 



Tens 



Well-known, 
large base of 
users 



PABX, 
computer 
/l/C clusters 



Loop 



Message 
routing 
via loop 
controller 



SDLC 



Tens 



Well-known, 
large base of 
users 



IBM 3600/3700, 
/l/C clusters 



3a£ 

Ring 



Packet 
transmission 
around 
rings 



HDLC 
(token passing) 



Tens to 
hundreds per 
channel 



Distributed con- 
trol, no conten- 
tion, popular for 
computer nets 



Primenet, 
Domain, 
Omnilink 
/l/C clusters 



f f f 

TT 



Common Bus 



Broadcast 

along 
serial bus 



CSMA/CD or 
CSMA with 
acknowledgment 



Tens to 
hundreds per 
segment 



Distributed 
control, popular 

for office 
networks & com- 
puter nets 



Ethernet, 
Net/One, 
Omninet, 
Z-Net 
fjC clusters 



LU. 



Packet 
broadcast bus 
with dedicated or 
prioritized 
channi 



CSMA/CD 
RS-232C & 
others per 
channel 



Two to 
hundreds per 
channel 



Distributed 
control, large 
variety of 
users and 



Wang net, 
Localnet 
M/A-COM 



• Terminal 

•• Terminal with distributed controllers and/or multivendor interfaces 
© Local controller 
((C)) Hierarchical network 
QFD^ Frequency division multiplex 
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The ring setups come in three basic classes: those 
that connect minicomputers into mainframe-class sys- 
tems; those designed for distributed processing; and 
lower-performance rings for the office environment. 
In high-performance systems the cabling may be rou- 
ted through a central point for network management 
and control. In office systems, control is usually fully 
distributed. Simple rings circulate packets of data and 
bus grants from node to node. The delay times usually 
limit the number of nodes to tens. However, this is not 
an inherent limitation. 

Most common-bus systems allow any station to 



Coaxial-cable segment „ 

(500 meters max) 

S 

Transceiver cable (50 meters max.) e 




/ 2 



2. Ethernet is a baseband, common-bus system (top). To use 
it, a system integrator adds a controller board to a work 
station (bottom). 



broadcast a packet to all other stations. The addressee 
receives the packet, while all others reject it. Access 
to transmit on the bus is usually gained through a 
contention mechanism (some pass control or are pri- 
oritized). 

Office-oriented systems, such as Ethernet and Z- 
Net, depend upon traffic being bursty at the link level 
to avoid a continuous state of contention. Ethernet has 
a high rate so it can grow to a thousand nodes, while Z- 
Net is designed as an inexpensive system for tens of 
small microcomputers. 

To further boost traffic or node capacities, multi- 
channel systems divide broadband media into over a 
hundred channels. Localnet, for one, can handle up to 
256 nodes on each of 120 channels. This allows the 
number of contenders per channel to be kept in bal- 
ance by an increase in channels — an expansion in fre- 
quency rather than length. 

Wangnet is a broadband system designed to inte- 
grate a wide range of data communications (from 
RS-232-C to contention bus and Wang proprietary), 
with the ability to provide voice and video services on 
the same cable. It also expands on a per-channel basis. 

Most new LANs provide some means of interfacing 
existing computer hardware and software systems 
with the local network. It has been estimated that 
some 75 percent of users will want to preserve exist- 
ing investments in data-communications facilities for 
at least a decade. So LANs come with user-trans- 
parent interface units, gateways to other nets, con- 
ventional communications ports or some combination 
of these interfaces. 

The protocols 

Some LANs use such protocols as RS-232C, HDLC 
(international high-level data link control) and SDLC 
(IBM's synchronous data link control). Some are based 
on the Multibus, IEEE-488 bus and other standard 
bus structures. However, new protocols — both "offic- 
ial" and de facto — are coming into use with the newer 



Table 2. Media for local networks 
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ring and bus topologies to support distributed-control 
approaches. 

On contention buses or on contention channels of 
broadband buses, a node that wants to transmit lis- 
tens to see if the media is free: carrier sense multiple 
access (CSMA) with acknowledgement of delivery, or 
CSMA/CD (CSMA with collision detection for auto- 



matic restart of CSMA after a random delay). Ring 
systems either pass logical bus grants from node to 
node (token passing) or use time slots. All are forms of 
time-division multiplexing. 

In the U.S. an IEEE committee is developing stan- 
dards for CSMA/CD and token passing. However, the 
only de facto standard, the Ethernet CSMA/CD, var- 



Seven-level architecture 

formalizes 

network protocols 

In computer networks, just as in building, architec- 
ture is a concept that forces itself upon a practitioner. 
You can build a house without retaining a professional 
architect. However, you might find that it's not a very 
comfortable house. If you build many houses, one after 
the other, you want to make them similar but not identi- 
cal, without encountering major construction problems 
with each new version. Likewise, in large computer 
networks and in local-area networks, a professionally 
constructed architecture is a must to achieve satisfac- 
tory operation and application flexibility. 

For computer networks, the International Standards 
Organization has proposed a seven-level architecture 
called the Reference Model of Open Systems Intercon- 
nection — the palindromic acronym ISO-OSI (see Fig. ). 

Often, the architectural levels were not recognized as 
such in early networks, but they did exist in some form. 
Even in newer networks, the architectural levels may 
not look the same as in the ISO-OSI model, which is a 
set of guidelines, not a well-defined standard. This is 
particularly true of local nets, which might even sepa- 
rate the lowest levels and lump all the higher levels 
together. 

Eventually, as the use of networks expands, par- 
ticularly at the local level, the need to standardize at all 
seven levels will arise. At present, no such seven-level 
standardization for LANs exists. However, the In- 
stitute of Electrical and Electronic Engineers has a 
draft standard at levels 1 and 2, the U.S. Department of 
Defense has standardized higher level protocols, and 
the National Bureau of Standards is also working at the 
higher levels. 

Some network vendors recognize the existence of all 
seven ISO-OSI levels in their systems, and implement 
each level in a way that seems to serve their applications 
adequately. Proprietary versions become a standard. 
Hewlett-Packard's HP-IB was slightly modified, for ex- 
ample, to become the IEEE-488 general-purpose inter- 
face bus (GPIB). Originally, the GPIB interconnected 
electronic instrumentation systems. Now, 488 is often 
used in local networks that contain no instruments (in 
the usual sense) at all — it is one of the popular architec- 
tures for local-area networks, in effect. 

On each level of the ISO-OSI reference model, a given 
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node in a network communicates with another node; all 
communication is supposed to remain at a particular 
level at all times. Rules and conventions used at this 
level constitute the protocol of the level. Since all levels 
are involved in every message, however, the communi- 
cation at a particular level is virtual. Physical communi- 
cation via the communications medium occurs only at 
level 1 and is managed by link-level protocols on the 
second level, which serves the upper levels. Levels are 
joined within a node by interfaces, each of which de- 
fines how the lower level serves the upper level. 

A recently published book, "Computer Networks" 
by Andrew Tanenbaum (Prentice-Hall, 1981), uses a 
simple analogy to describe the operation of multilevel 
network architecture. Consider two philosophers, one 
in Kenya and one in Indonesia, who want to talk about 
rabbits but don't speak the same language. They can 
use a three-level network. They each engage a transla- 
tor (level 2), each of whom in turn contacts an engineer 
(level 1). The Kenyan philosopher passes a message in 
Swahili to his translator, who renders it as "I like rab- 
bits," or "J'aime les lapins," or "Ik hou van konijnen," 
depending on the common language of the translators 
(level 2 protocol). The translator then gives the message 
to his engineer for transmission, by whatever level 1 
protocols the two engineers have agreed to use. Trans- 
mission could be by satellite radio, telephone modem, 
or Boy Scout semaphore flags. Thus, the message in 
Swahili is translated into Indonesian (at level 2) and 
passed to the philosopher (at level 3). Each protocol is 
completely independent of the others as long as the 
interlevel interfaces are not changed. The translators 
can switch from one transmission language to another 
at will, provided that they agree on language and main- 
tain the proper interface with either level 1 or level 3. 

The seven levels of a complete network are defined as 
follows, starting at the bottom and working up: 

Level 1 is the physical level. Protocols at this level 
involve such parameters as the signal voltage swing and 
bit duration, whether transmission is simplex, half- 
duplex, or full duplex, and how connections are estab- 
lished at each end. The Electronic Industries Associa- 
tion's RS-232C and RS-449 standards are examples of 
level 1 protocols. 

Level 2 is the data link level. At this level, outgoing 
messages are assembled into frames, and acknowl- 
edgements (if called for at higher levels) are awaited 
following each message transmission. Outgoing frames 
include a destination address at the link level, and, if the 
higher levels require it, a source address as well — plus a 




ies considerably from the IEEE draft. 

CSMA/CD, because it is a contention protocol, will 
generally be used in applications where processors on 
a network use only shared resources or engage in 
distributed processing. This doesn't rule out prioritiz- 
ing, as evidenced by HYPERchannel. Since the latter 
is designed to interface mainframes in heavy traffic 



applications, it reverts to a priority moae auer eacn 
transmission is completed. Token passing is used on 
some buses to guarantee access. 

Also, token-passing rings are not necessarily slow 
and small. The Domain system has a data rate of 12 
Mbits/s, expands to hundreds of nodes and could the- 
oretically have billions of nodes. Token passing may be 



trailer containing an error-detecting or error-correct- 
ing code. The data portion of the frame is whatever 
comes down to this level from level 3, without reference 
to its significance. Correct operation at this level as- 
sures reliable transmission of each message. 

ISO HDLC (high-level data link control) and IBM 
SDLC (sychronous data link control) are examples of 
level 2 protocols; HDLC is incorporated into X.25 
(CCITT standard generally used for data-packet com- 
munications) at this level. In some local nets, only error 
detection occurs at level 2 and correction is left to 
higher levels. 

Level 3 is the network level. At this level, outgoing 
messages are divided into packets. Incoming packets 
are assembled into messages for the higher levels, and 
routing of outgoing packets is determined. A packet 
header defines the destination of the packet and indi- 
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cates the order of transmission. (The packets are not 
necessarily received in the same order in which they 
were sent when a packet network is used.) The header 
usually includes a source address. Level 2 constructs 
the frame containing the packet's data and header. 

These first three levels are also involved when mes- 
sages pass through intervening nodes en route. One 
well-known implementation is the interface message 
processors (IMPs) of the Arpanet, and another is the 
X.25 protocols. At level 2, X.25 calls for HDLC— the 
CCITT version of IBM's SDLC. The IMP concept has 




spread from the Arpanet to other networks (notably 
GTE Telenet). 

Level 4 is the transport level. This may be the busiest 
of all the architectural levels. Its protocol establishes 
network connections for a given transmission — for ex- 
ample, whether several parallel paths will be required 
for high throughput, whether several paths can be mul- 
tiplexed onto a single connection to reduce the cost of 
transmission, or whether the transmission should be 
broadcast. This is the lowest level of strictly end-to-end 
communication, where the involvement or even the ex- 
istence of intervening nodes is ignored. 

Level 5 is the session level, at which the user estab- 
lishes the system-to-system connection. It controls log- 
ging on and off, user identification and billing, and 
session management. For example, in a data base man- 
agement system, a failure of a transmitting node during 
a transaction would be calamitous, because it would 
leave the data base in an inconsistent state. Level 5 
organizes message transmissions in such a way as to 
minimize the probability of such a mishap — perhaps by 
buffering the user's inputs and sending them all in a 
group, more quickly than they could be under control of 
a higher level. Level 5 is not present in the Arpanet, and 
is rather restricted in IBM's System Network Architec- 
ture (SNA), in which levels 3, 4, and 5 are defined 
somewhat differently than in the ISO-OSI model. 

Level 6 is the presentation level. It controls functions 
that the user requests often, and that therefore war- 
rant general treatment. Such functions include library 
routines, encryption, and code conversion. 

Level 7, the topmost level, is the application level, the 
one seen by individual users. At this level network 
transparency is maintained, hiding the physical dis- 
tribution of resources from the human user, partition- 
ing a problem among several machines in distributed- 
processing applications, and providing access to dis- 
tributed data bases that seem, to the user, to be concen- 
trated in his CRT terminal. In SNA, level 7 is 
represented by access methods, such as VTAM and 
TCAM. Levels 6 and 7 are combined in Digital Equip- 
ment Corp.'s DECnet. 

These seven levels formalize the functions required at 
each level. By adhering to such a network design plan, a 
local-area network designer can ensure that all the 
required functions are performed. At the same time, 
the designer can simplify any future changes that may 
be needed, and help assure compatibility at the higher 
levels with other networks — local or long-haul. 

Wallace B. Riley 




J 
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the future standard of the plug-compatible computer 
industry — it is being backed for standardization by 
IBM and other mainframe computer manufacturers 
because of its architectural flexibility, as well as its 
easier compatibility with existing computer network 
architectures. 

Media may dictate cost 

None of the topology-control-protocol combinations 
preclude other combinations. Likewise none dictate 
the choice of media. In fact, it is often the other way 
around, with the media choices representing the ma- 
jor tradeoff. 

In some cases a medium such as telephone wire or 
AC power wiring is chosen to avoid rewiring costs. 
PBX-based systems are designed around the premise 
that it is most economical to use the same wiring 
system for voice and data. 

Media choice heavily influences the costs of inter- 
face units. Costly ECL logic assemblies are required 
to fully exploit the data rates achievable with base- 
band cable, while frequency-agile modems and other 
subsystems are needed to divide broadband cable into 
channels. Very-high-performance LSI devices will be 
used to reduce Ethernet interfaces to fit onto a single 
board. 

Meanwhile many smaller networks have been in- 
stalled to serve relatively limited numbers of micro- 
computers. These typically use telephone cabling 
with modem eliminators, twisted pair with con- 
ventional protocols or coaxial cable at a fraction of its 



traffic capacity to reduce interface costs. In general, 
these are star or loop configurations, but some are 
ring and common-bus. 

Fiber optics offers extremely high data rates. 
However, because low-cost components are available 
only for point-to-point connections, the topologies are 
limited. The major applications are in star systems 
that require links with high noise immunity and trunk 
lines. In most cases the systems operate at only a 
small fraction of the potential data rates so low-cost 
data sets can be used. 

Increasingly the choice of media and architecture 
will be made by users and their building architects. 
New office, industrial and research centers are being 
built with cabling intended to form the backbone of 
local data networks. □ 
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3. Net/One has dedicated and programmable interfaces for 
existing equipment. Special network software is developed 
with the NDS subsystem. 
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4. One of many local bus systems designed to interconnect microcomputers with shared 
resources is Omninet. The bus consists of RS-422 links, with carrier sense for multiple 
access. 
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The success that BNR has achieved in the development of new 
software controlled telecommunications systems has increased our 
need for experienced electronics and software engineers. At the 
moment, we require a variety of professionals to advance the state-of- 
the-art in computing science, to develop new products, and to guide 
their applications. Outlined below are the major areas in which we have 
need for software and electronics professionals. Each area represents 
several immediate openings. If you have a BS/MSEE CS, Physics, or 
Math, or equivalent, and related professional experience, join us, and 
experience the innovative freedom, technical challenge, and the 
professional growth inherent in pioneering the telecommunications 
systems of the future. 



Work with BNR 
to advance the 
Technology of 
Telecommunications 

on the 

San Francisco Peninsula 



Systems Engineers 

Develop, and design complex 
voice and data communications 
networks and products. Participate 
in network planning, product 
definition, investigating new 
technology, and evaluating changing 
industry standards. 



Software Engineers 

You will specify, design, implement, 
test, and document real-time software 
for telecommunications applications, 
including call-processing, hardware 
interfacing, systems support, 
diagnostics, and data administration. 



Development Engineers 

Design and develop digital and analog 
circuits, for PBXs utilizing 
minicomputer and microprocessor 
technology. Perform circuit analysis, 
design PBX line circuits, trunk 
circuits, and tone receivers, from 
conception through prototype build. 



We ask a lot, but we give a lot. 

Make no mistake. These are demanding positions. BNR expects the best of our people, but in return we provide 
appropriate rewards and recognition. 

In addition to excellent salaries, we offer a comprehensive and attractive company-paid benefits program including 
medical, dental, and orthodontia insurance for employees and dependents, life and disability insurance, a credit union, 10 
holidays, employee referral cash awards, 100% tuition and books reimbursement, excellent retirement and savings plans, 
a one-week Christmas shutdown, and an additional three weeks of annual vacation beginning the first year 
of employment. 



We are waiting to 
hear from you. 
Come and see us 
about your future. 



For prompt consideration leading to career discussions with our technical 
managers, please send your resume to Susan Voshell, Technical Recruiter, 
BNR INC., Mail Stop 221, 685A E. Middlefield Road, Mountain View, CA 

94043. An equal opportunity employer. U.S. Citizenship or Permanent Resi- 
dent Visa required. 



BNR 

Bell-Northern 
Research 
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TOUGH 




TOUGHER! 



SECS 80: A complete family of 
systems designed around EMM's 
ruggedized versions of Intel's Single 
Board Computers 



Meets MIL Specs. Flexible, Too 

The mighty tiger is tough. But our SECS 80 is tougher, 
meeting MIL-E-5400, 4158, 16400... and more. Flexible 
too, with a complete family of ruggedized versions of 
Intel's famed iSBC' 80/10 and iSBC 86/05 single board 
computers', designed around the 8080 and 8086 micro- 
processors. 

Complete, Versatile Systems 

These are complete systems, backed by a multitude of 
support modules — RAMs, ROMs, EPROMs, Digital Tape 
Recorder and Controller, 1553 and Multibus interface, 
analog and digital I/O, just to name a few. Software 
compatible, too, including the new iRMX* 88 Multitasking 
Executive and the iRMX 86 Multitasking Operating System. 

"Trademark of Intel Corporation 



Save Costly Design Time 

With all of these system components available and field 
proven, there's absolutely no need for you to invest 
hundreds of thousands of dollars to re-design a 
commercial computer to withstand hostile environments. 
We've already done it for you! And we do mean field 
proven. SECS 80 is currently being used in a variety 
of airborne, shipboard, and ground systems, as well as 
industrial applications involving tough environments. 

ATR Compatible 

SECS 80 modules are mounted on 9-inch by 6-inch 
shock and vibration resistant boards. A 1/2-ATR chassis 
can hold up to six boards. 

There's lots more to the story, so phone or write EMM 
today for complete information and specifications. 




Severe Environment Systems Company 

A Subsidiary of Electronic Memories & Magnetics Corporation 

P.O. Box 668 • Chafsworth, CA 91311 
Telephone: (213) 998-9090 • TELEX: 69-1404 

SS-16 Electronic Design • September 30, 1981 



□ 




COMPUTER PRODUCTS FOR SEVERE ENVIRONMENTS 
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Winchester Disk 



5. 38 Mbyte unformatted capacity 



3C-brushless spindle 
notor (3600 RPM) 



Main-drive electronics 



20 micro -inch air filter 



Motor control electronics 




High reliability, sealed 
storage media 
(2 platters, 4 surfaces) 



4 read/write heads 



Stepper band 
actuator assembly 



TI's 5Vi-inch Winchester Disk's 
sealed storage media can offer infor- 
mation processing and data storage 
security with high reliability. With its 
compact, lightweight design and low 
power requirements, this low-cost, 
versatile storage disk can be easily 
integrated into applications, includ- 
ing microprocessor-based small busi- 
ness systems. 

TI's 5Vi-inch Winchester Disk 
combines industry-proven Winches- 



ter technology with the high-quality 
performance and reliability neces- 
sary for most information storage 
requirements. 

TI is dedicated to producing 
quality, innovative products like the 
5Vi-inch Winchester Disk. And TI's 
hundreds of thousands of terminal 
and peripheral products shipped 
worldwide are backed by the technol- 
ogy and reliability that come from 50 
years of experience. 



For more information on the SVi- 
inch Winchester Disk, contact the TI 
sales office nearest you, or write 
Texas Instruments Incorporated, 
P.O. Box 202145, Dallas, Texas 75220, 
or phone (713) 373-1050. 



TI invented the integrated 
circuit, the microprocessor 
and the microcomputer. 




Texas Instruments 

INCORPORATED 

In Canada, write Texas Instruments Incorporated, 41 Shelley Rd. , Richmond Hill, Ontario L4C 5G4, or phone (416) 884-9181. In Europe, write Texas Instruments, 
M/S74, B.P. 5, Villeneuve-Loubet, 06270, France, or phone (93) 20 01 01. In Asia Pacific, write Texas Instruments Asia Ltd., 990Bendeemer Rd., Singapore 1233. 

Telex RS 21399. or phone 2581122. 
'Trademark of Texas Instruments Copyright © 1981, Texas Instruments Incorporated. 
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Speed Reading 

Multiple OCR Fonts ... at up to 3000 characters per second. 



INPUT has the solutions to all of 
your OCR problems. 

■ Easy Implementation, Designed With 
The OEM In Mind 

■ Accurate Low & High Speed Input 

■ Cost Savings With Low Price 
Competitiveness 

A Readers Guide 



The heart of INPUT'S Optical Character 
Recognition product line is the OEM 
Recognition System. This system con- 
sists of three major parts; a Font 
Recognition Board, a High Speed 
Camera with Video Processor, 
and versatile Control Logic 
Printed Circuit Boards with 
Backplane. 

INPUT'S FONT RECOG- 
NITION BOARD is power- 
ful and accurate. It employs a pat- 
ented and proven recognition 
technique, and can read from 
10 to 300 inches a second 
with no degradation in accu- 
racy. All fonts are plug com- 
patible, use the same Sequen- 
tial Feature Analysis 
technique and can be com- 
bined with up to 5 fonts in a 
single system. 




Our basic systems are used worldwide, 
providing the highest quality Optical Char- 
acter Recognition to an extensive variety 
of transport systems. 

Whether your needs call for one of our 
standard systems or you select from our 
large assortment of cameras, fonts, 
and transports, INPUT can 
assist you in the specialized 
world of OCR. 



The HIGH SPEED CAMERA 
AND VIDEO PROCESSOR pro 

vide proper illumination and detection, insur- 
ing optimum video signals for recognition of 
degraded print. For slower speeds other 
cameras are available that offer the 
same quality at lower prices. 

The CONTROL LOGIC 

performs many functions including: 
system outputs, standard parallel 
interface (with others available), 
"Scrub".. .an enhancement 
that helps eliminate extrane- 
ous marks from the OCR data 
line, buffers to store 3 distinct 
character images for 
improved recognition, system 
control lines that provide the 
host system with necessary 
control over all OCR func- 
tions, including font selection. 



Why "Reinvent The Wheel"...let the OCR experts supply the 
product you need at a price you can afford. 



With over 10 years experience and over 1300 
systems installed, INPUT offers "Top of the 
Line" ability with "Low Price" competitiveness. 

Give Jerry Brown a call at (301) 869-9222 



OCR is our business. . . 
We can make it yours. 



I 



I an OCR Products Company 

1 INPUT 



Mail to: 

1370 PICCARD DRIVE 
ROCKVILLE, MD 20850 



BUSINESS MACHINES INC. 



□ Have someone contact me as soon as 
possible. 

| □ Please send more information about 
your OCR products. 



Name 



Company 



City 



State 



Zip 



jr — i — Telephone 
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The DILOG Model DQ202A 
is a yP based intelligent SMD I/O 
hard disc single board Controller 
for your LSI-11, 11/2, 11/23 com- 
puter. It permits up grading or expanding your data base 
without changing components. (The first true SMD I/O 
controller that does not retain disc drive parameters in 
on-board components.) 

If you start with one (or two drives) and later wish to 
increase capacity, change to another manufacturer, etc., 
simply plug in the new drive (or drives). That's it. The 
Controller's universal firmware set saves you changing 
anything but the drive. 

You can mix drives, or match them . . . use one or two 
8"- or 14"- Winchester/SMDpack or CMD cartridge 
drives . . . mix different transfer rates, number of heads, 
data surfaces, capacities from 8-300 Mbytes each, etc. 
And you can add or change drives at anytime. 

The Controller offers full DEC software compatibility 
with either RT-11, RSX-11 or RSTS operating systems. 
Versatility is further enhanced with switch 



DEC LS1 11 



AMPEX 

BALL COMPUTER 
BASF 

CENTURY DATA 



selectable emulations. 

As for disc compatibility, the 
DQ202A interfaces drives from 
the following manufacturers. 
CONTROL DATA MITSUBISHI 
FUJITSU NPL 
KENNEDY PRIAM 
MEMOREX 

Of course the Controller has automatic self-test 
with built-in microdiagnostics and LED status indicator, 
along with numerous other important features you'll 
find invaluable. 

Call or write for complete details on the Controller 
that lets you mix or match drives and expand your data 
base... without changing components. Distributed Logic 
Corp., 12800 Garden Grove Blvd., Garden Grove, 
California 92643, Phone: (714) 534-8950, Telex: 681-399 
DILOG GGVE • EASTERN REGIONAL SALES OFFICE, 
64-A White Street, Red Bank, New Jersey 07701, Phone: 
(201)530-0044. 

•Trademark Digital Equipment Corp. 



WINCHESTER 
SMD 
CMD 




WINCHESTER 
SMD 
CMD 
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VISIT DILOG 

AT SYSTEMS '81' 

BOOTH 57 

HALL 2 

U.S. SECTOR 




DISTRIBUTED 
■■LOGIC CORP. 
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SHUGART 
AREV0LU1 



Choice. 

If you've been looking at disk 
drives for desktop systems, you 
may have thought you had only 
one choice: take it or leave it. 

Not any more. Now you can 
get everything you need from 
a single source. And get the 
added convenience of doing 
business with one company 

Say you want a reliable, 
entry-level drive, but cost is 
critical. The ideal choice? Our 



S A400, the original Minifloppy™ 

Or maybe you need more 
capacity, but you don't want to 
give up low cost. Try our double- 
sided Minifloppy the S A450. 

Then too, you may want to 
move up to even higher speeds 
and capacities — up to a mega- 
byte — in a Minifloppy-size 
package. For that, choose our 
96-TPI SA410 single-sided 
or SA460 double-sided drives. 

But what if your desktop 
system demands the high per- 
formance and reliability of a 



INTRODUCES 
ION ARY IDEA. 



Winchester? Then specify our 
new 5.25-inch fixed disk drive, 
the SA600. It's got ten times 
the throughput of a floppy, and 
capacities from 3.33 to 10 mega 
bytes. And by teaming it with 
a Minifloppy, you get dupli- 
cate file backup too. 

Now that's choice. Which 
means you get just the right 
combination of cost and 
capacity for your appli- 
cation. And in the desk- 



top market, that's a revolution- 
ary idea. 

To find out more about your 
desktop alternatives, contact 
Shugart Associates, 475 Oak- 
mead Parkway Sunnyvale, 
CA 94086. Telephone 
(408) 733-0100. Or 
Hamilton/Avnet, 
authorized dis- 
tributor. 

Shugart 

Right from the 
very start. 




Sales and Service: Sunnyvale CA, Costa Mesa CA, 
Minneapolis MN, Richardson TX, Framingham MA, Landing 
NJ, Atlanta GA, Toronto Ontario, Paris France, Munich Germany. 
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IF YOU WANT TO START 
YOUR OWN COMPUTER COMPANY 
YOU NOW HA/E THE COMPUTER 

TO START WITH. 



The entrepreneurial spirit runs rampant 
in the computer industry. In fact, its come to 
our attention that a significant number of the 
technical/engineering types have some thoughts 
of starting their own company. 

So we have come out with a computer 
for them. And for those entrepreneurs with- 
in companies who are in a hurry to get their 
hot new project to market in a hurry. 

It's called the MPT/100. 

As you can see, the MPT/100 computer 
is small enough to fit in whatever corner you 
set aside for furthering your own ambitions. 

And it'll cost you less than the price of a 
basic new car. 

This computer is anything but basic. 

Inside the MPT/100, you'll find a 
16-bit microNOVA™ computer. 64K bytes 
of memory. 80 column by 24 line screen. Full 
keyboard with numeric pad. 716 KB of on- 
line storage on two 358 KB mini-diskettes 
all packaged in a system that has the kind of 
software, compatibility with more powerful 
computers, ease-of-use and reliability that 
desk-top computers are noted for not 
having. 

Also unlike most desk-top 
computer software, some very 
sophisticated (read easy-to-use) 
big computer software is avail- 
able for the MPT/100 com- 
puter: A multi-tasking 
FORTRAN that meets all 
the ANSI standards. 



A PASCAL that executes at assembly lan- 
guage speeds. An ANSI compatible BASK 
that lets you write enormously complex pro- 
grams that take up only a little space. A 




you is one ot the most advanced in tne world. 

(Anyone who considers any of the above 
to be of trivial importance should consider the 
fact that a single line of application code costs 
a good deal more than many microcomputers. 
And that cost is only going one way.) 

Saving money on programming is only 
part of the attraction of the MPT/ 100. It also 
saves you time. So you can get your company 
up and running before anyone can do the 
same thing. 

As you grow, all the software 
you've written, all the peripherals 




amount or energy wonting 10 maxe our com- 
puters compatible. 

The point here is that the MPT/ 100 
can make you what a lot of companies have 
become with Data General. 

Like Aero Systems Erigineering, of St. 
Paul, Minnesota, for example. They're far 
and above the leading manufacturer of com- 
puterized aircraft jet engine testing systems. 
A position they came to occupy partly by 
building test facilities that could cut fuel con- 
sumption rates by 35%. Partly because of 
our world-wide service. And partly because 
they didn't have to wait eighteen months to 
get our computers. 

There is no stopping you from doing 
the same thing. 

If you want to get more detailed in- 
formation about the MPT/ 100 computer, 
call your local Data General office or your 
Data General manufacturer's representa- 
tive. Or the distributors listed below. Or 
write us at: MS C-228, 4400 Computer 
Drive, Westboro, MA 01 580. 

MPT/100 computers are available 
for off the shelf delivery from : 
SCHWEBER, HALL-MARK, 
KIERULFF, ALMAC/ 
STROUM and 
R.A.E. in Canada. 

Look at it this way. 
All of you who want to 
start your own computer 
company, are very lucky 
people. We didn't have 
anybody to write to 
when we got started. 

IrDataGeneral 

We take care erf our own. 



microNOVA is a registered trademark of Data General Corporation. ©1981, Data General Corporation. 
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© design options. 



The Z8 family gives you the clear 
advantage in single-chip design- 
powerful 8-bit CPU, ROM, RAM, 
counter/timers, UART, interrupt 
logic— all under dynamic program 
control. Choose the world's most 
versatile performer from the Z8 
family of single-chip microcomputers. 

• Z8601-with on board 2K ROM 

• Z8602— with interface to 2K 
external memory 

• Z8603-2K EPROM Protopak™ 

• Z8611 -with on board 4K ROM 

• Z8612— with interface to 4K 
external memory 

• Z8613-4K EPROM Protopak 

• Z8681 — ROM-less single-chip 
microcomputer 

And now, the exciting new Z8 
family member: 

• Z8671 -single-chip BASIC/ 
DEBUG interpreter 



..nore information, call 
nearest Zilog sales office. Or 
contact us at 10460 Bubb Road, 
Cupertino, CA 95014. Phone: (408) 
446-4666. 

Zilog 

makes it happen 
for you! 




Zilog 



WEST 

Cupertino. CA 
(408) 446-4666 
Irvine. CA 
(714)549-2891 
Van Nuys. CA 
(213)989-7484 
Scottsdale, AZ 
(602)990-1977 

MIDWEST 

Schaumburg, IL 
(312)885-8080 
Woodmere, OH 
(216)831-7040 



Z8 and Protopak are trademarks of Zilog, Inc. 
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SOUTH 

Dallas. TX 

(214) 243-6550 
Austin. TX 
(512)453-3216 
Clearwater, FL 
(813)535-5571 

EAST 

Burlington, MA 
(617)273-4222 
Horsham. PA 

(215) 441-8282 
Cedar Knolls. NJ 
(201)540-1671 




LAN standards controversy 
looms: Ethernet vs IEEE-802 



Defining communications rules 
within local-area networks becomes 
a problem when a protocol standard 
must be selected. 

Designers of local-area networks face a common 
challenge: defining the rules for intranet communica- 
tions. One big problem is there are too many "stan- 
dards" to choose from: de facto standards like IBM's 
System Network Architecture (SNA) and proprie- 
tary standards developed by other companies. And 
now, an "industry standard" called IEEE-802 is in the 
works. Though it will probably attain formal status by 
the end of 1982 — after the originating committee and 
several layers of reviewers evaluate and approve it — 
even then, it will have to contend with an architecture 
like Ethernet — a proprietary standard with enough 
support to become a de facto standard. 

SNA is attractive simply because it comes from 
IBM. It offers a plug-compatible market, and is a 
complete, multilevel system. But SNA is also a com- 
plex protocol, not really suited for LANs (see "The 
IBM Alternative"). 

IEEE-802 and Ethernet share enough common 
ground to square off naturally. For one thing, Eth- 
ernet, developed by Xerox and supported by Intel 
Corp. and Digital Equipment Corp., provides an ac- 
cess method called CSMA/CD (carrier-sense, multi- 
access with collision detection). So does IEEE-802. 
But the differences between the two are significant. 

Physically, at least, they look alike. Both systems 
consist of one or more segments of coaxial cable, up to 
500 meters long and terminated in 50 ohms at each 
end. Each segment contains up to 100 transceivers, 
separated by multiples of 2.5 m — a distance chosen to 
minimize interference from reflections caused by im- 
pedance mismatches at the transceivers. Each station 
can be up to 50 m from its transceiver. Repeaters are 
used between segments and count as one transceiver. 

No two stations can be more than 1500 m apart, but 
this distance can be extended to 2500 m by using a 
point-to-point link of up to 1000 m that is logically part 

Wallace B. Riley, Contributing Editor 



of a single repeater. Such a point-to-point link would 
be used primarily between segments in adjacent 
buildings. Repeaters with or without the point-to- 
point link can be connected anywhere along the seg- 
ment, subject to the 2.5-m spacing requirement for 
transceivers. This gives the network a tree structure, 
but without a "root" or central controller. 

Ethernet specifies a maximum of 1024 stations. 
IEEE-802 does not specify a maximum number of 
stations, but it does give the same separations. 
However, the committee's original objectives included 
"at least" 200 devices along "at least" 2 km. 

In both networks (the baseband part of 802), the 
cable and interface specification are quite rigid to 
ensure compatibility between products of different 
manufacturers. However, the transceiver-cable speci- 
fication is looser, offering terminal designers some 
leeway in trading off parameters. 

Defining levels 1 and 2 

Both systems take into account the two lowest lev- 
els of the seven-level ISO architecture. "Dealing with 
only those two levels is itself a pretty big job," says 
Maris Graube, chairman of the 802 committee and 
manager for corporate interface engineering at 
Tektronix, Inc. (Beaverton, OR). The principal objec- 
tive is to allow interface chips to be designed by dif- 
ferent manufacturers with different approaches, 
while remaining functionally compatible. Meanwhile, 
standardization at the higher levels is being under- 
taken by the National Bureau of Standards; proposals 
at levels 3,4, and 5 are out now or will be by the end of 
1981. Levels 6 and 7 are targeted for 1982. 

For outgoing messages, data transferred from level 
3 are supplied with addresses and a frame check se- 
quence at the data-link level (level 2). The information 
is then forwarded to the physical level (level 1), which 
places a synchronizing preamble on the coaxial cable, 
serializes the frame, and transmits it. 

An incoming frame is preceded by a preamble, 
which is used by level 1 to adjust its circuits, and then 
discarded. The remainder of the frame, after con- 
version to parallel form, is sent up to level 2, which 
inspects the destination address and discards the 
frame if the address is not recognized. If the address 
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is recognized, the source address and the data field 
are sent to level 3. (The source address is processed at 
a higher level, not defined in either Ethernet or 802, 
but space for it is reserved in the frame, defined at 
level 2). The frame-check sequence, following the data 
field, is used for error detection at level 2, but correc- 
tion or other consequential action is reserved for 
higher levels. 

What's more, neither the Ethernet specification nor 
the 802 draft is concerned with real-time processes. 
Both systems leave real-time processing as well as 
encryption and other high-security measures to 
higher levels. 

On the other side of the coin, one major difference 
between Ethernet and 802 is their treatment of op- 
tions. Ethernet has a tightly drawn set of specifica- 
tions with no options, to ensure that every Ethernet 
system is compatible with every other, anywhere. Its 
protocols have also been reduced to firmware. 
IEEE-802, on the other hand, allows several optional 
features, which permit a network or a terminal to be 
tailored to a particular application. As a result, when 
802 becomes final, the mere existence of two or more 
networks adhering to it will not ensure their com- 
patibility; nor will any manufacturer be able to adver- 
tise an "802-compatible" product without specifying 
which options the product incorporates. (The same 
situation arose with the IEEE-488 general-purpose 
interface bus standard, and is now slowly being re- 
solved by de facto implementations of the standard.) 

The transceiver cable, which connects the trans- 
ceiver to the station, is defined differently in Ethernet 



and 802. In Ethernet, the cable contains four shielded 
twisted-pair conductors carrying receive and colli- 
sion-detect signals to the station, and transmit signal 
and power to the transceiver. In 802, the cable con- 
tains five shielded twisted pairs, carrying no fewer 
than ten logical signals, including an idle state. Be- 
cause these signals are logical rather than physical, 
some of them are no more than the absence of a 
prescribed waveform on the corresponding pair. As in 
Ethernet, one pair carries power from the terminal to 
the transceiver. 

Every Ethernet system has a 47-bit address, with 
one extra bit that specifies whether a given address 
identifies a single station or a group of stations. Ad- 
dresses are assigned by Xerox to the station manufac- 
turer. Thus, any Ethernet station can be used on a 
particular Ethernet. 

IEEE-802, on the other hand, allows addresses of 
one to seven bytes. One bit of the first byte of a 
destination address indicates whether the address is 
of an individual station or of a group of stations. The 
corresponding bit in a source address indicates 
whether the frame constitutes a command or a re- 
sponse. Another bit of each byte in both destination 
and source addresses indicates whether another ad- 
dress byte follows the current one. 

For data and control signals, Ethernet uses straight 
Manchester phase encoding, while differential Man- 
chester phase encoding is specified for 802 (Fig. 1). 
The two encoding methods have similar waveforms 
and spectra, but the differential form reportedly has 
advantages in error monitoring. 
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1. Straight Manchester phase encoding is distinguished from (a) differential Manchester (b) by 
how the center transition represents a bit. In the straight form, a ZERO is a negative transition 
and a ONE is positive. In the differential form a ZERO is in the same direction as the preceding 
bit, and a ONE is in the opposite direction— regardless of the value of the preceding bit. 
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2. Contention-based access allows any station to use the bus at any time provided it first 
checks to see that the bus is not in use. Collisions occur when two stations try to start at the 
same time. 
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reaiure 

Data rate 

(Mbits/s) 
Max. nodes 
Max. nodes per 

segment 
Max repeaters per 

segment 
Max station 

separation 
Max segment 

length 
Medium 



Encoding 



Topology 
Access 

Levels 



cinemei 

10 

1024 
100 



2.5 km 



500 m 

Shielded coax, 
baseband signal 

Manchester phase 

Nonrooted tree 
CSMA-CD 



Synchronization 

(bits) 64 

Address (bits) 47 
Type or control field 

(bits) 16 (T) 

Data (bytes) 46-1500 

Frame check (bits) 32 

Frame spacing 9.6 \xs 



1 and 2 
Frame organization 



1-20 

100 
2 

2.5 km 
500 m 

Shielded coax 
baseband or 
broadband 
Diff. Manchester 
phase 

Nonrooted tree 
CSMA-CD or token 
passing 
1 and 2 



64 

6 to 42 

8(C) 

46-1500 

32 

Depends on data 
rate 



Both Ethernet and 802 divide messages into 
frames, which are similar but not identical. Ethernet 
has a type designation of 2 bytes, while 802 has a 1- 
byte control field — in both cases immediately follow- 
ing the two address fields. The type and control fields 
are used at higher levels in the ISO architecture, but 
are included in the frame definition at level 2 to estab- 
lish a convention permitting multiple higher-level pro- 
tocols to use the level-1 and 2 network. Both systems 
then allow a data field that can range from 46 to 1500 
bytes (or octets), and finally a frame check sequence of 
4 bytes. 

A synchronizing preamble of 64 alternate ones and 
zeros precedes the frame in Ethernet. IEEE-802 
specifies a more complex bit pattern in its preamble; 
should an error crop up in the preamble, the 802 
scheme is less likely to begin frame transmission pre- 
maturely. 

Ethernet transmits at 10 Mbits/s, whereas 802 al- 
lows 1, 5, 10, or 20 Mbits/s. In the case of broadband 
transmission under 802, video and audio signals can 
be added to any of these rates. 

Question of access 

Access to the transmission medium (coaxial cable) 
differs sharply in Ethernet and 802. In Ethernet, any 
station can transmit to any other station when the bus 
is not in use. Conflicts that arise when two or more 
stations try to begin transmission simultaneously are 



copied aimosi worct ior wora iroin me jiiiiiernei speci- 
fication. However, 802 also offers an alternative called 
token passing. 

IEEE-802 recommends both contention-based and 
token-passing access methods — incompatible but rec- 
ommended "to keep everybody happy," says commit- 
tee chairman Graube. The committee, Graube says, 
was split about 50-50 over the two methods. Since 
approval of one or the other requires a 75% consensus, 
recommending both allowed a draft to be produced. 

One reason for the split is that several computer 
manufacturers are already using token-passing ring 
and bus networks in proprietary products, and others 
plan to use it. Several large minicomputer systems are 
actually a group of minicomputers linked by token- 
passing networks. Also, token passing is more suita- 
ble for systems that must allow for priority access, 
such as large computer networks. In its purest form, 
token passing is used in a ring topology, in which all 
nodes are equal, and in which (generally) there are 
two paths from any node to any other node, going 
clockwise or counterclockwise around the ring. 

In token passing, as in CSMA/CD, only one station 
in the network can transmit at a time, but no conflicts 
can arise (at least theoretically) because only one 
station can possess the token that permits it to trans- 
mit. (A third option is also available in 802, that of 
broadband transmission, allowing several terminals 
to use the medium simultaneously. Their messages 
are frequency-multiplexed on the cable). 

Being contention-based, CSMA/CD allows a station 
to take over the network for message transmission at 
any time, provided it first listens to make sure no 
other station is transmitting. However, two or more 
stations could simultaneously listen, hear nothing, 
begin transmission, and "collide." They would then 
back off, each for a random time, and try again. In 
Ethernet, the collision generates a detection signal. 
In 802, a similar signal indicates the absence of a 
collision; a dc level indicates a collision. 

If a collision occurs in less than the total network 
propagation time, a jamming signal is transmitted in 
both Ethernet and 802 to make sure all stations know 
that a collision has occurred. Following the jam, each 
would-be user waits for a random time — a few tens of 
microseconds — and tries again. (The waiting time is 
unlikely to be the same for both contenders). Because 
the waiting time is random, the probability of a second 
collision is less than on the first try. Sooner or later, a 
station should manage to seize the line. 

Ethernet and 802 both give up after 16 attempts 
(one original attempt and 15 retries), at which point 
level 2 reports "excessive collision error" to higher 
levels of the network. 

CSMA/CD is well known and easy to put on a single 
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The IBM alternative 

Although it can be used in local-area networks, Sys- 
tem Network Architecture is much more suitable for 
large computer networks with terminals great dis- 
tances apart. But since large networks often contain 
clusters of terminals close together, SNA provides for 
"subareas," each of which might be considered a local 
network. These subareas can be interconnected via 
shared communication links. However, a subarea is a 
logical rather than physical entity — it could cover an 
entire state. 

In IBM parlance, each subarea contains one "subarea 
node" and a number of "peripheral nodes" (see Fig.). 
Connections between a subarea node and its local pe- 
ripheral nodes can be hard-wired or they can be 
switched, nons witched, or multipoint common-carrier 
lines that use the SDLC protocol. There are no max- 
imum separations between stations or specified com- 
munications media, such as coaxial cable. Also, there is 




no maximum number of peripheral nodes per subarea 
node, but since the area has a star or loop topology, the 
number is limited by the physical and logical number of 
connections that the subarea node can handle. 

The star topology is an important distinction be- 
tween SNA and most local-network architectures. Lo- 
cal networks usually contain many autonomous sta- 
tions, each handling its share of network control. This 
autonomous behavior requires a prescribed technique 
for gaining control of the communication line before 
beginning to transmit. 

No such technique is prescribed in SNA; the star 
topology implies the presence of a central controlling 
node, which polls the subsidiary stations or responds to 
interrupts from the other stations. The controlling 
node may be another station that is "more equal" than 
the others, or it may be a large central computer. Data 
may move from one node to another within a subarea 
independent of polling. That is, once the central con- 
troller has started communication between two nodes, 
they handle the transaction themselves. 



integrated-circuit chip, permitting simple implemen- 
tation in a host's interface circuitry. However, it be- 
comes inefficient when traffic is heavy — more than 
about 30% of channel capacity. (However, an experi- 
mental Ethernet, in use for several years at the Xerox 
Palo Alto Research Center with many kinds of sta- 
tions, has rarely exceeded 3%.) 

What's more, under such a scheme, bus length, data 
rate, and frame length are closely interrelated: 
2t p = L/R 

where t p is the propagation time in seconds, L is the 
length of the main cable in terms of the number of bits 
that can be simultaneously in transit, and R is the data 
rate in bits per second. Twice the propagation time 
must be less than the time required for a station to put 
an entire frame on the cable. This protects two sta- 
tions, A and B, at opposite extremes of the network, 
from garbling each other's messages. 

However, any change in one of these three param- 
eters affects the others. This problem can be serious 
in a network serving a growing company, which may 
find that it cannot expand its network operations 
without a major restructuring. Nevertheless, within 
those limits, adding a station to a network with con- 
tention-based access involves merely plugging it in. 

Token-passing access permits a station to transmit 
only at stated times, when it possesses a "token" 
allowing it to use the network (Fig. 3). When a node 
completes a transmission, or when an allotted max- 
imum time elapses, it transmits a signal to the next 
node in a prescribed sequence. This signal says, in 
effect, "Go ahead, it's your turn now." 

Token passing can be used either in a ring or on a 
straight bus. In a ring, the logical order for passing 
the token is usually, though not necessarily, the same 
as the physical order. Data frames or tokens transmit- 
ted by any station go only to the next station on the 
ring; that station either accepts the frame or repeats 
it for further propagation along the ring. If the orig- 
inating station gets the frame back, it knows that 
nobody wanted it or that the station to which it was 
addressed is inactive. If the frame does not come 
back, either the addressee has it or the ring is broken; 
the originating station does not know which unless it 
asks the addressee for an acknowledgment. 

In a bus, the logical order for passing the token 
need not, and usually does not, have any relation to 
the physical order of the stations. Data frames or 
tokens transmitted by any station always go to all 
other stations, and — unless they were addressed 
specifically to all stations — only one station accepts 
them. Here, too, the originating station does not 
know the fate of the frame unless it asks for an ac- 
knowledgment. 

With either topology, a node that receives the token 
but does not need the network at that moment imme- 
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frame size, and data rate — are independent. 

However, the token sender must be able to recogn- 
ize that the token receiver actually received the token. 
The latter might, for example, have suffered a power 
failure or other breakdown. This could cause the token 
to be lost completely, and keep the entire network 
down until the token can be regenerated. Practical 
ring networks have generally solved the problem by 
having a main channel that transmits clockwise 
around the ring and a counterclockwise channel serv- 
ing as backup. But such methods are of little value at 
the moment of failure, since they work after the fact 
and cannot help locate the lost token. 

Adding a station to a token-passing network re- 
quires the preceding station in the token-passing 
order to be informed. Or, allowances must be made in 
the addressing structure. (Since this can involve soft- 
ware changes at higher levels, it is not as easy as it 
looks.) 

Such considerations make token passing a more 
complex process at the local-net level than the conten- 
tion-based access method. But several computer com- 
panies prefer its architectural flexibility as well as its 
ability to fit into hierarchical networks. Some, in fact, 
use a combination of token passing and HDLC for 
compatibility with international networks. □ 





3. Token-passing access gives a station access to the bus 
only in its turn. A "token" representing the privilege of 
transmitting is handed around in a prescribed order to permit 
all stations to transmit. 



diately retransmits the token to the next station in 
logical sequence. 

Token passing is not subject to random and unpre- 
dictable delays caused by contention — only to fairly 
predictable delays. Moreover, the three parameters 
that are interlinked under CSMA/CD — bus length, 



A compact, self-contained system providing fast random access to as 
many as 400 locations from a single C-1 20 cassette. The Phi-Deck 
cassette transport allows access speeds to average 200 ips. Available in 
either mono or stereo formats. Excellent accuracy and repeatability. 
Manual or Microprocessor controllable. Ideal for: 



• Computer Aided Instruction 

• Multi-Language Presentations 

• Emergency Announcements 



• Information Centers 

• Spot Commericals 

• Advertising Displays 



HIGH-SPEED 
CASSETTE DUPLICATOR 
FOR USE WITH SEARCH 400 




Triplel 

Mm Incorporated 




Incorporated 

4605 North Stiles 
P.O. Box 18209 
Oklahoma City, OK 73154 
(405)521-9000 TWX: 910-831-3286 



The model 8000 duplicator is designed to produce multiple cassette 
copies for use in the Search 400 system. The unit contains a master 
cassette unit and seven slaves. The unit can also make cassette copies 
from a reel-to-reel master. 
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A word to the wise 
Data General user: 




Our complete line of Data General compatible 
computers and controllers can save DG users 
up to 50% without sacrificing quality. 



Digidyne has delivered over 2,000 single board Nova* 
compatible CPU's. Our complete line of computers and 
peripheral control units include controllers for storage 
modules, magnetic tapes, cartridge disks, line printers 
and communications devices. 

Digidyne's D-832 computer features a front loading 5-slot 
chassis, power supply and virtual control panel. Also 
standard are parity check and detection, power 



fail/restart, multiply/divide, self contained diagnostics, 
auto-load programs and a "set and forget" switch 
register. In addition, the D-832 can be expanded to 128K 
bytes of directly addressable memory on one board. But, 
best of all, the D-832 is priced at $1 ,888 at quantity 50. 

Compare price and performance. Digidyne is the 
field-proven alternative to Data General. So DG users, 
why pay more and get less? 



For more information please call or write: 




2625 Ariane Drive 
San Diego, California 92117 

•Trademark of Data General (71 4) 483-0364 
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Computer 




specifiers 




Get specific 
solutions to design 
problems through 
Electronic Design's 
PlanTo-Purchase 
Survey 



Electronic Design's Plan-To- 
Purchase Surveys are designed 
to enable your suppliers to serve 
you better. To receive specific 
information regarding computer 
peripherals for your systems 
designs, just fill out the 
questionnaire on the next page 
as completely as possible, then 
return it to: 

Electronic Design 

50 Essex St. 

Rochelle Park, N.J. 07662 
Attn: M.Trovarelli 



I 
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Electronic Design's marketing research department is conducting this industry-wide survey to help characterize the rapid- 
ly changing computer peripheral marketplace and enable your suppliers to serve you better. Please fill out this question- 
naire as completely as possible, then fold and return. No postage is required. 



Please indicate whether you would like to receive 
information from manufacturers: □ Yes □ No 



Please indicate the number of systems or products using 
peripheral equipment to be produced at your location in 
the next year. 



Which CPUs are you considering for your 
computer-based design: 

1 3 



4. Please specify the new peripherals to be purchased in 
the next year. 



CRT displays 
Intelligent terminals 
Line printers 
Serial printers 
Nonimpact printers 
Teleprinters 

Hardcopy-output devices 
Plotters 

Winchester disk drives 
Fixed-disk storage systems 
Floppy-disk drives 
Cartridge-disk drives 
Standard tape transports 
Cassette tape transports 
Cartridge tape transports 
Card reader/punches 
Paper-tape reader/punches 
Add-in/on memory 
Remote-batch terminals 
Point-of-sale terminals 
Other 



Qty 



Vendor 



5. What types of CRT terminals are you designing into your 
system? 



Type 

Intelligent 

Dumb 

Graphic 

Color 
Character Set 

Numeric only 

64 ASCII 

ABP 

128 ASCII 
EBCDIC 
Transmission Speed: 

□ Up to 150 bps 

□ 300 bps 

□ 1200 bps 



Qty 



Vendor 



□ 2400 bps 

□ 3600 bps 
Other 



□ 4800 bps 

□ 9500 bps 



Editing Features: 

□ Character insert/delete 

□ Line insert/delete □Scrolling 

□ Line erase □Tabulation 
Protocol: 

□ X.25 nSDLC nHDLC DOthe^ 

What type of disk will you specify? 

Winchester 

Size Capacity 

Application 

Floppy: 
Size 



10. 



11. 



14. 



□ Underline 

□ Reverse video 



Capacity 



Application _ 



...j your company's plans for printer 
purchases in the next year. 



Speed Qty 



Vendor 



Numeric 
Alphanumeric 
Special character 
Graphic 
Character set: 

□ Numeric only 

□ 64 ASCII 



□ APL 

□ 128 ASCII 



System memory size (bytes): 

□ 4K Q12k D32k 

□ 8k D16k 064k 

System software to be used: 

□ ALGOL □ Basic 

□ APL □ Pascal 

□ Assembler nCOBOL 

□ Macroassembler Other 



□ EBCDIC 



□ 128k 

□ Over 128k 



□ Fortran 

□ RPG 

□ RPG II 



What communications interface equipment will be 
purchased in the next year? 

Qty Vendor 

Modems 

Multiplexers 

Fiber-optic interface 

Other 



Please characterize your system: 

□ Mainframe computer 

□ Stand-alone minicomputer 



□ Minicomputer based 

□ Microcomputer based 



12. Indicate the nature of your application (i.e., word 
processing, industrial control, scientific, etc.) 



1 3. What is the sales volume of your organization?. 



1st, 2nd Initials 



Last Name 



Title 



Company Name (Do not abbreviate if possible) 



Department 



Internal Mail Code 



Company Street Address 



Company City 



State 



Zip Code 



Phone 
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PRESENTING THE FIRST ANSI WINCHESTER DISK CONTROLLER 
FOR MULTIBUS. AVAILABLE TODAY. FROM INTERPHASE. 



The WDC 2880 is an Intelligent Controller for up to 8 
ANSI X3T9.3 compatible Winchester drives. It gives 
your MULTIBUS system true performance, 

Hardware ECC, Automatic Error Recovery, Sector 
Interleaving. Bad Track Mapping, and Overlapped 
Seeks mean High Performance on the Disk side. 

Maximum speed DMA, 8 and 16 bit data transfers, 
both Absolute and Relative 20-bit addressing modes 
mean High Performance on the MULTIBUS side. 

Easy to use MACRO-level Commands - READ, 
WRITE, FORMAT - mean simple software drivers. 

Most Primitive Error diagnostic reporting and a low 
parts count means minimum integration time and high 
reliability. 



Software Compatibility across the Interphase Fam- 
ily -SMD Controller, Cartridge Disk Controller, and all 
future disk products - means a maximum return on 
your software investment. 

Drivers for many standard Operating Systems avail- 
now.' 

You've come to expect high quality innovations first 
from Interphase. The most talented Intelligent Disk 
Controller specialists in the country. And the WDC 2880 
is no exception. It is elegant, well designed, affordable 
and available off the shelf. 

But that's not all. We give you full support to help 
you integrate it into your system. So why wait for 
someone else? Call or write us today 



INTERPHASE 

corporation 



We stay ahead of our competition so you can stay ahead of yours. 



MUUiSUS * •« a registered trarjemart of intei Corporation, 



13667 Floyd Circle/Dallas, Texas 75243 /(214) 238-0971 



Some plain 
96/100 TPI 



FACT: We invented 

1 megabyte technology. 



Micropolis 
Meta-floppy 




When the mini-floppy, with less than 100 kbytes capacity 
was introduced in 1976, we had a choice. Go along with 
the rest or do better. 
We chose to do 
better. Within a 
year we doubled 
both bit density 
and tracks per 
inch, resulting 
in a single sided 
floppy with 0.5 
million bytes and 
a double sided version 
with one megabyte capacity. The 
high capacity 5V4" floppy was born. 

Typical 
Mini-floppy 

FACT: It took solid 
engineering to do this. 

To quadruple capacity, yet keep interchangeability at the 
highest level, was no easy task. It took solid, innovative 
engineering at all levels. The result: 

• Disk Centering Mechanism - In our drive, the center 
of the diskette fits over a profiled spindle and is clamped 
into place while the spindle rotates to assist centering. 
This technique assures precise centering to within 250 
/^-inches and eliminates disk crunching problems. 

• Head Positioning Accuracy - A precision ground 
stainless steel leadscrew with metal follower provides 
more precise positioning than the run-out sensitive pulley 
and belt approach used by others. Use of a four phase 
stepper motor and four steps per track averages the 
effects of all stator and rotor poles, resulting in ± 83 
/i-inches positional accuracy. 

• Temperature Compensation - Our temperature 
compensation loop includes only the diskette, pre-loaded 
leadscrew and spindle housing. The baseplate is 
specifically excluded since its expansion is compensated 



by a proportional change in the preload of the leadscrew. 
This approach consistently limits temperature variations 
to ± 250 ^-inches. 



Reference Point for 
Positioning of KM Head 

Thrust Bearing 

Spindle 



Head 

Thrust Bearing 



Spring Supplies 
2.5-lb. Force 




Spindle 
Housing 



Base Plate 



Lead Screw 
Zero Backlash Coupling Between 
Head And Lead Screw 



(Loading Lead Screw Against 
Reference in Spindle Housing) 



• Balance Between Speed & Accuracy — We chose 
10ms track-to-track positioning and 380 kbps transfer rate 
as an optimum balance between speed on one hand, and 
accuracy and interchangeability on the other. 

• Silent Operation - In band type drives an annoying 
chatter results from the head's travel from track to track. 
Our precision stainless mechanism eliminates this noisy 
irritation. 



FACT: Our drives really 
work. 

While others are still learning, our 96/100 TPI drives 
are operating reliably in systems all over the world. 
So well, in fact, that we're extending the warranty to 
12 months on new OEM agreements. Design and 
process controls learned years ago, coupled with 
effective quality control, assures drives ready to work 
in your system. 



facts about 
SVt" floppies 



FACT: We've delivered 

more 96/100 TPI drives to 
OEM's than all others. 



100,000 




To date we've delivered over 200,000 double track 
density drives; more than all of our competitors 
combined. Hundreds of manufacturers of successful 
small business systems have selected Micropolis drives 
for their cost effectiveness and proven reliability. 



FACT: We're producing 

more than one each minute. 

If you need high performance floppies on time, and in 
quantity, come to 
Micropolis. We're 
producing over 500 
a day... and expand 
ing. Expansion 
includes a new 
60,000 square foot 
plant planned for 
occupancy by year 
end and dedicated 
completely to 
96/100 TPI floppy 
production. 




FACT: We've invented 

again - A 2 megabyte 5V4 inch 
floppy. 

At NCC we introduced a new 2 megabyte floppy, made 
possible by again doubling density to 12,000 bits per 
inch. Micropolis' Model 1117 has 6ms track to track 
positioning, 500 kbps transfer rate and a host of features 
including a "chassis within a chassis" for unparalleled 
electrical shielding and resistance to mounting effect. 
Industry standard mounting and bezel permit easy 
introduction into existing systems. 




So you win both ways with Micropolis. If you need 
96/100 TPI floppies now, order our field proven 
1015/1016 series. If you're working on a new system, 
design in our 2 megabyte Model 1117, the high 
performance "chassis within a chassis" floppy. 

For more information phone us or write on your 
letterhead. 

MICROPOLIS™ 

21329 Nordhoff Street 
Chatsworth, CA 91311 
(213) 709-3300 'Telex 651486 

Positions available for talented people. 




• Multibus, LSIfPDP-1 1 

• Single board display 

• 512x512x4(x8,x 16) 

• Variable resolutions 

• 1 28KB on-board RAM 
e DMA readfwrite 

e Hardware display 
generator 



The RGB-GRAPH board offers capabilities of a complete graphics terminal 
on a single plug-in board. Functions such as zoom, pan, scroll, clip, overlay, 
etc. are implemented in hardware. 128K byte on board RAM stores 512 x 512 x 
4 Image (expandable to 512 x 512 x 8 with the second board). Optional 
VAF-512 board adds real-time framegrab, color look-up table, hardware 
vector generator and more. Hi-res color monitors, software and versions 
for Multibus, LSI-11, PDP-11 bus are available. 

AFFORDABLE COLOR from the WORLD LEADER in OEM VIDEO BOARDS 

fea^Ha^aaa^a^a^aHBS^aiB^a^a^aie^B^a^H 

CIRCLE 117 



mcitfox 

electronic system/ ltd. 

US « CANADA 
5800 ANDOVER AVE., T.M.R., QUE., H4T 1 H4, 
CANADA 

TEL.: (514)735-1 182 TELEX: 05425851 

EUROPE 

HERENGRACHT 22, 4924 BH DRIMMELEN, 
HOLLAND 

TEL.: 016284850 TELEX: 74341 MATRX NL 



Coming November 12 



ElectronicDesign 



SYSTEMS & 
SOFTWARE 

examines software 
automation- 
techniques for the 
development 
and management 
of computer 
software 



Software now accounts for 80% of a computer system's 
lifetime cost, and will approach 90% by 1990. Whether 
software is to be a major contributor— or the biggest 
obstacle— to industry growth depends on this trend and 
several other factors, including: 

• the availability and quality of programmers, 

• the contributions of high-level languages and software 
components, 

• and current trends in software tools. 

The November 12 installment of Systems & Software 
will focus on software automation— programs that help 
write other programs. These programs are available today 
for immensely diverse tasks, and they are proliferating at 
a pace that makes it increasingly difficult for the software 
engineer to develop a meaningful set. System integrators 
involved in the software design cycle, from specification 
through design, coding, test, and maintenance will find 
this installment of Systems & Software an invaluable 
guide to working with software-automation techniques, 
which will demand the same range of skills as any other 
engineering discipline. 



Closing date for advertisers: 



9, 1981 



Qantex Impact Printers 
150 Characters Per Second 
136 Columns Per Line 

The microprocessor controlled Series 6000 
is packed with standard features. True 
lower case descenders and underlining. 
Bidirectional logic seeking. Built-in test 
capability. Rugged 400 million character 
print head. Beautiful 96 character set in a 
9x9 matrix. Parallel, or up to 19,200 baud 
serial interfaces supporting RS-232, X-ON, 
X-OFF or Current Loop. Full operator con- 
trols. Quietized, sleek enclosure to en- 
hance your system. Delivery from stock. 



Qantex 



Division of 
North Atlantic Industries 

60 Plant Avenue, Hauppauge, N.Y. 11788 
(516) 582-6060 TWX 510-227-9660 

(800) 645-5292 



For more information 
call your local distributor: 

ARKANSAS 

Hemco Electronics 
ARIZONA 

The Phoenix Group Inc. 
CALIFORNIA 
Basic Systems Corp. 
Basic Systems Corp. 
Basic Systems Corp. 
ILLINOIS 

Electro-Tech Marketing Assoc. 
Engineered Sales 
INDIANA 
Audio Specialists 
LOUISIANA 

Micro Computer of New Orleans 

MARYLAND 

Systems International Inc. 

MASSACHUSETTS 

S & S Electronics, Inc. 




MINNESOTA 

(501)663-0375 Integrated Peripherals (612)831-0349 

Vikeland Sales (612) 645-4647 

(602) 967-1421 MISSOURI 

ESC Sales St Leasing (314)997-1515 

(213)673-4300 NEW YORK 

(714)268-8000 Washington Electric Co. (21 2) 226-21 21 / (800)221-5416 

(408)727-1800 Daily Business Products, Inc. (516)543-6100 

(800) 645-5556 / (212) 594-8065 

(312)588-4535 Synchro Sound Enterprises (516)484-1852 
(312)832-8425 PENNSYLVANIA 

QED Electronics (215)674-9600 
(219) 234-5001 TENNESSEE 

Southland Video Distributors (800) 238-3274 

(504) 885-5883 TEXAS 

Datanet, Inc. (214)669-1758 
(301)977-0100 VIRGINIA 

Nine Associates, Inc. (703) 273-1803 

(617) 458-41 oo Distributor inquiries welcome! 

*Registered Trademark of North Atlantic Industries, Inc. 

CIRCLE 118 Electronic 



AUSTRALIA 

Mitsui Computer Systems 
CANADA 
Computer Markets 
DENMARK 
T.M.S. Dataudstyr 
ENGLAND 
Northamber Limited 
FRANCE 
Gepsi 

GERMANY 

Technitron 
HONG KONG 
Computerworld Ltd. 
Hong Kong Equipment 
ITALY 

Eltron s.r.l. (030) 55026-41554-44414 
NETHERLANDS 

Compudata Benelux B.V. 31-73-215700 
SPAIN 

2i Ingenieria Informatica 204-2099 



02-9299921 



416-445-1978 



(45) 2-911122 
(44) 372-67646 
(33) 1-554-9742 
49 (89) 692-4141 



5-44033 
5-453870 
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52 Megabytes 

...now! 



SLI's Cheyenne 8-inch Winches- 
ter-type disc drive has the capacity 
...from 7.3 to 52 megabytes of un- 
formatted data... but there's a lot 
more, including fast delivery. 

The Cheyenne features SMD, 
ANSI and "floppy" interfaces, a 
closed-loop track following position- 
ing system, SLI's rotary voice coil 
positioner, and microprocessor- 
based drive electronics with built-in 
diagnostics. Recording density, on 
up to 4 discs, is 6500 bpi on 478 
tracks-per-inch. Average (random 
access) positioning time is 45 ms, 
with 7 ms for single cylinder moves. 

The modular electronics package 
can be remotely operated, and fea- 
tures individual functional 
circuit boards for 
ease of servic- 
ing, and "self- 
test" capability. 

The Cheyenne, 
with its "clean- 
room" sealed disc 
section, can be used in environ- 
ments not possible with convention- 
al disc drives. 




If you need up to 52 megabytes of reliability now. 
write or call now for our complete literature package. 

Making it 

more reliable... 
every bit!/ 




INDUSTRIES 

21040 Victory Blvd. 
Woodland Hills, Calif. 91367 
Phone: (213)884-7300 
TWX: 910-494-2696 
CIRCLE 119 




SYSTEMS& 
5QFTMARE 



Software helps networks 
grow with compatibility 



LAN software, to set up reliable 
communications between growing 
user software processes, will help 
maintain orderly transitions to 
future applications. 

Productivity, productivity, and more productiv- 
ity — that's the local-area-network challenge to soft- 
ware developers. The pressure is on to make a 
transition from resource sharing, a popular initial 
application that reduces the cost per user of data 
bases, document bases, and expensive equipment, to 
new forms of distributed data processing and data- 
base management that will improve productivity. Ma- 
jor investments in new softwai-e hang in the balance. 
Fortunately, major trends in local-network support 
are aimed at cutting the problem down to size — and at 
providing an orderly transition to future applications. 

Most existing applications software will remain usa- 
ble because of efforts made, on the one hand, by 
computer manufacturers and LAN vendors to keep 
new links compatible and, on the other hand, by oper- 
ating system vendors to provide compatibility with 
new protocols. In between, agreement is growing on 
the intermediate protocols for the newer packet- 
switching systems. 

Since the Arpanet fathered packet communications 
for distributed processing, Arpanet protocols are 
coming to the fore in Ethernet and similar systems. 
The X.25 protocols (which include HDLC) are also in 
use locally, as well as in gateways to public packet 
networks. Since X.25 can be a common ground, 
CSMA/CD systems with X.25 gateways are becoming 
available. 

This adds up to incentives for LSI manufacturers to 
develop more LSI protocol chips and less software. 
Meanwhile, researchers are also working on new ar- 
chitectures for host software. For example, Siemens 
AG Research Labs (Munich, Germany) has been 
studying the decomposition of functions for multi- 
processor office computers (Fig. 1). The experiments 
are part of a project to develop a fiber-optic broadcast 
bus that uses X.25 protocols. 

George Sideris, Contributing Editor 



The common objective in LAN software design is to 
establish reliable communications between user soft- 
ware processes. Three basic forms are used in packet- 
switching systems: reliable datagrams (the receiver 
acknowledges transmission of undamaged packets), 
messages (the LAN software or firmware multiplexes 
and demultiplexes the packets of the data block being 
transferred), and virtual circuits (seemingly continu- 



Peripheral level 



Function level 



Communications 
level 



Processing 
function 1 



Display 



Processing 
function 2 



Diagnostic 
and testing 
functions 



Q 



I/O 
functions 



Data file 
function 



External 
commun 
function 



Internal communications function 



Interaction level 



User level 



Interaction 
function 1 




Interaction 
function 2 
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Interaction function 



Processing function 



Input/output functions 
for peripherals 

Data file function 



Diagnostic and 
test functions 



Internal communication 
function 

External communication 
function 



Mask preparation 
User control 
Input test 

Translation, linking... 
Math, functions 
Text editing 

Channel routines 
Text preparation 

Management 

Search 

Sorting 

System testing 

Detection of HW and SW faults 
Remedying of faults 

Internal data exchange 
Prevention of system failures 

Interfacing to other computers 

Procedures 

Text preparation 



1. Both the microprocessors of future office computers and 
the system software could be distributed along a local 
network. The software system would be decomposed for 
allocation to hardware modules. 
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ous, end-to-end connections). 

Even though the packets are only about 512 bytes to 
a few kbytes long, these techniques can handle trans- 
fers up to hundreds of kbytes with better response 
time, as a rule, than if the data were being accessed on 
a floppy disk at the workstation. 

Layered system architectures allow the communi- 
cations functions to be added "under" existing system 
software, so the LANs mate well with existing ap- 
plications and user business procedures. As a result, 
the layering approach has proved irresistible, even 
though few designers follow the ISO-OSI model re- 
ligiously (Fig. 2). 

Typically, the first application is cost reduction — 
the LAN allows a hard-disk system to be shared by 
several microcomputer users, along with a printer and 
telecommunications port. File sharing, electronic 
mailing, and other productivity-improving applica- 
tions are then added on. 

Starting small 

Vendors of small LANs — those with a capacity of up 
to 64 microcomputers — generally supply the software 
needed to share resources, to use the LAN as a front- 
end extension of a large computer, or both. This gives 
users the basis for developing specialized applications 
without disrupting on-going applications. 

Most of the network software may be supplied as 



firmware on an interface card for each microcomputer. 
For example, Cluster/One cards provide all layers 
required for message transmission. Hardware han- 
dles bus allocation, contention resolution, address re- 
cognition, and byte transmission, while ROM-based 
firmware takes care of packet transmission, error 
detection and retransmission, and grouping of pack- 
ets into messages. Although essentially a CSMA con- 
tention system with variable topology, the link 
includes a control line that allows a node to maintain 
access until extensive file transfers have been com- 
pleted. 

At the process-to-process level, host software cre- 
ates the virtual channels and commands the server 
operations. The server — a microcomputer that can 
also be a client of other servers — interprets control 
blocks of the client's operating system (typically, Ap- 
ple DOS). It also controls process synchronization and 
rights to access the resource. These basic services can 
be extended from file access to data-base manage- 
ment and other services. 

In the Omninet system, firmware on a 
"transporter" card delivers reliable datagrams, leav- 
ing messaging and flow control to host software. Each 
transporter is a CSMA bus contender with RS-422 
transceivers. A microprocessor system, Omninet can 
be modified to couple to the bus of various computers 
(Apple and LSI-11, initially). Also, it is designed to 
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Presentation 
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Transport 



Network 



Data link 



Physical link 



Packaged in 
Disk -access 
software 



Microprocessor-based 
transporter and 
RS-422 link driver 



(a) Omninet (Corvus) 



Human interface 



Net management | — 



Application 



Session 



Transport 



Data link 



Physical link 



User 



Based on 
DOD standard 
protocols 



Ethernet 

specification 

(CSMA/CD) 



(C) Ethernet (Intel) 



Application 



Presentation 



Transport 



Network 



Oata link 



Physical link 



(b) Z-net (Zilog) 



Application 



Presentation 



Session 



Transport 



Data link 



Physical link 



(d) Unet (3 COM) 



Based on 

RIO/CP operating system 



Transfer & 

interprocess 

protocols 



Packet delivery 
service 



Transceiver 
(CSMA/CD) 



Protocols and software 
based on UNIX 
operating system 



DOD Standard TCP/IP 
(transmission control and 
internet protocols) 



Ethernet 

specifications 

(CSMA/CD) 



2. Four different interpretations of the ISO-OSI architectural model illustrate a split between 
packaged hardware and software (a), use of software at all levels above the data link (b), 
addition of standard protocols to proprietary operating systems (c), and the use of standard 
protocols with a standard operating system (d). 
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3. Operating systems can be linked with a software bridge 
like CP/NET into a variety of LANs via point-to-point 
connections. Data rates over 100 kbit/s can be obtained with 
conventional protocols and I/O drivers. 

operate independently of the host operating systems. 
Datagrams are simply delivered to sockets (memory 
areas assigned by the hosts), so a variety of operating 
systems can be used. 

The direct-memory-access (DMA) transfer can be 
split. For example, addresses and other network-level 
information can be deposited in one socket and data in 
another. Besides making it unnecessary for the host to 
handle nondata bytes, it allows network-use informa- 
tion to be logged as an aid to net management and 
administration. 

Z-Net represents yet another way to build low-cost 
networks. It provides a reliable datagram service 
based on CSMA/CD, but each interface is the same 
basic microcomputer (MCZ-2) that is used as a work- 
station, controller, or interface to a larger computer. 
Its CSMA/CD contention-bus interface is a high- 
speed, serial I/O channel. 

The operating systems handle the process-to-pro- 
cess communications. Each station contains an RIO/ 
CP system, a concurrent-processing upgrade of the 
RIO remote I/O system. This system's multitasking 
kernel communicates with its counterparts in other 
stations while other tasks are also running on the 
same stations. The software provides sockets for the 
packet delivery service and for user protocols. 

Getting larger 

Large, general-purpose systems offer datagram 
and virtual-circuit services. Although they generally 
use CSMA/CD and other packet-communications pro- 
tocols internally, they come with interfaces for indus- 
try-standard protocols and computer buses. 



A baseband system such as Net/One can interface 
hundreds of workstations, terminal clusters, and com- 
puters. It has a datagram service for brief transmis- 
sions such as "Where is the file on Mr. Jones" and 
three types of virtual circuits: session-oriented cir- 
cuits created by user commands, semipermanent 
(bound) circuits set up by system-initialization soft- 
ware, and administrative circuits for network man- 
agement. The administrative circuits are used, say, to 
interrogate the network and update an address list so 
that users (and their processes) can communicate with 
other users and resources by name rather than by 
logical address. 

Ethernet's software architecture is heading in the 
same direction. The new iLNA (Intel Local Network 
Architecture) is the first subset of a larger iNA sys- 
tem. All layers above the link layer are modules that 
can be stored as firmware on a Multibus-compatible 
interface board, or mixed in with OEM software. 

While the link layer handles packet transmission, 
the transport layer creates virtual circuits and the 
session layer binds network addresses to processes. 
The binding functions are designed to keep all com- 
munications location-independent — another way of 
eliminating addressing problems. 

A network-management layer contains operating 
utilities and diagnostics. For instance, it keeps plan- 
ning statistics, logs illegal messages, locates the stuck 
transceiver that is jamming the ether, or locates a wet 
cable section by monitoring transmissions. 

Broadband systems like LocalNet can connect over 
20,000 users through virtual circuits. More than 100 
channels, with different frequencies, connect hun- 
dreds of users. If a channel approaches its traffic 
capacity, transmission can be selectively forwarded 
over different channels by a net-management sub- 
system. 

Operating systems fit in 

Local-network development can also start with any 
multiuser operating system, such as the CP/M family 
from Digital Research Inc. (Pacific Grove, CA), Oasis 
from Phase Four Systems (Oakland, CA), Unix from 
Bell Laboratories (Murray Hill, NJ) or derivatives 
like Xenix from Microsoft (Bellevue, WA). Since they 
all can be adapted to high-speed I/O channels, and 
provide facilities for resource sharing, they are being 
used in many systems with point-to-point links. The 
links are suitable for master-slave bus networks, 
stars, loops, and other conventional architectures. 

Popular operating systems are being enhanced to 
cater to OEMs who want to do networking without 
disturbing existing software. In the CP/M and MP/M 
family, for example, CP/NET bridges two operating 
systems (Fig. 3) and CP/NOS provides a slave system 
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that fits into a 4-kbyte ROM. Current networks run at 
over 100 kbit/s using RS-232C protocols, but CP/NET 
is designed to be protocol-independent so custom 
drivers for new nets can be added. 

The networking software intercepts the normal op- 
erating-system calls and, if the calls are for a remote 
system, formats a packet-like message. The receiving 
host checks the packet for damage during transmis- 
sion and performs the operation identified by a func- 
tion code. Addressing is based on identification tables 
maintained by CP/NET. 

Originally released in a disk-sharing version last 






4. A trend toward standardizing protocols will simplify 
bridges needed to interconnect different types of local 
networks and gateways needed to access long-haul 
networks. 



year, CP/NET now comes in a new version that adds 
file sharing, password protection, and other func- 
tions. A version designed to minimize host overhead 
for resource sharing is planned. 

Linking operating systems 

Other systems allow programs to communicate via 
I/O calls, pipelines, and procedures such as the Unix- 
to-Unix copy procedures and remote-job-entry (RJE) 
facility. Also, packages that link two different operat- 
ing systems — such as CP/M and Oasis — are becoming 
available. 

One new package based on Unix covers all seven 
layers of packet communications. Named UNET and 
developed by 3COM Corp. (Menlo Park, CA), it is 
being used on Ethernet and HYPERchannel net- 
works. I/O driver modules can be added to the basic 
package to interface with the CSMA/CD packet- 
switching protocols as well as to telecommunications 
protocols. 

Upper-layer protocols include standard Dept. of 
Defense TCP (transport control) and IP (internet) 
protocols along with protocols generally accepted in 
the telecommunications industry: FTP (file transfer), 
VTP (virtual terminal) and MTP (mail transfer) pro- 
tocols. UMTP is compatible with Rand MH and Bell 
Mail protocols. 

At present, most networks are interconnected to 
other networks — usually telecommunications — 
through large or small computers operating as com- 
munications servers. However, this method is slow, 
roundabout, and expensive in more ways than one. An 
interface message processor (IMP) for Arpanet and 
similar networks is essentially a full-capability mini- 
computer. An X.25 gateway takes two or three years 
to develop. 

Protocols simplify bridges 

Studies conducted at the Massachussets Institute 
of Technology and other institutions during the early 
years of local-network development showed that the 
software and hardware of internet bridges and gate- 
ways would be enormously simplified if higher-level 
protocols were agreed upon (Fig. 4). The bridge could 
simply be an interface card that buffers and filters 
packets (sends them to subnets determined by ad- 
dresses). 

Some LAN developers have backed this concept — 
particularly those using the CSMA/CD protocol. Eth- 
ernet licensees register addresses at the Palo Alto 
Research Center. Xerox is expected to make the 
PARC universal protocol (PUP) generally available. 
PUP is based on Arpanet protocols that led to the 
current DOD standards and the expected NBS stand- 
ards. So similar protocols are cropping up in systems 
like iLNA and UNET (see Fig. 2), and older systems 
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5. This layered architecture, by using contention, military, 
and telephone-industry standards for its protocol, combines 
contention channels for general use and reserved channels 
for block transfers. 
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6. X.25 gateways are being added to LANs for 
telecommunications. Eventually, LSI versions could provide 
economical interfaces between heterogeneous LANs. 

are now starting to add internet bridges. 

One new architecture for broadband systems, de- 
veloped by Network Analysis Corp. (Vienna, VA), 
combines CSMA/CD, TCP, and the telephone indus- 
try's CCIS (common-channel interswitch signaling) in 
its seven layers (Fig. 5). The system provides a series 
of contention channels, plus reserved channels for 
high- volume traffic. 

The general implication is clear: Semiconductor 
manufacturers can afford to develop not only HDLC/ 
SDLC, RS-232C, and other conventional protocol con- 
troller chips, but also TCP chips. Furthermore, X.25 
chips are likely to be in the cards. To this point, a mere 
handful of equipment manufacturers has been able to 
develop X.25 gateways acceptable to public packet 
networks. But several years from now, it could be- 
come as economical to plug together local and long- 
haul packet networks as it is to plug a computer into a 
local network today (Fig. 6). □ 
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WESTREX 800 Series of 150 character per second, 
alphanumeric bi-directional printers include split platen, 
flat bed slip/document and 51 to 96 column journal printers 
in a variety of standard models to suit many OEM applica- 
tions. All utilize the same simple, reliable drive system, 
head position sensors, ribbon transport mechanism and 
other quality tested components for maximum cost effec- 
tiveness. 
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We're giving 8-bit micros 




a run 




Digital introduces the $653* 16-bit micro. So why 
limit yourself to 8-bit thinking when you can get all the 
advantages of 16-bit performance at this low price? 

Treat your system design to a more powerful and 
proven instruction set. More efficient processing. Preci- 
sion arithmetic. The expandability which allows your 
system to grow as your needs grow, without changing 
system architecture. And to accommodate that growth 
without appreciably changing your software 
requirements. 

Send us your application and we'll send you com- 
plete information on how to match your requirements 
with the performance of 16-bit micros from Digital. The 
company that has sold more high-performance micros 
than anyone. 

The price is right. The time is now. 

For full information, fill out the coupon or call toll 
free at (800) 225-9220. In MA, HI, AK and Canada call 
(617) 467-7000. Or simply contact the Hamilton/Avnet or 
Harvey Electronics office near you. 

*In quantities of 50. Single unit price is $990. U.S. domestic prices only. 



L. 



Please rush your 16-bit Micros Application Infor- 
> me at once. My at 



"1 



□ Laboratory /Scientific 

□ Data Communications 

□ Industrial/Process Controls 

□ Other (Please Specify) 



Name 



Title 



Company 



Street 



City 



State 



Zip 



Tel. ( ) 



Digital Equipment Corporation 

Microcomputer Products Group, MR2-2/M70 
One Iron Way, Marlboro, MA 01752 
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We change the way 
the world thinks. 



Why do 
more design 
managers 

read 

Electronic 

Design? 

(more than 
Mini-Micro Systems 
and Computer Design 
combined) 



Issue after issue, 

Electronic Design is first 

with the new 

computer technology 

information 
design managers need. 



Computer editorial exclusives for the first half— 1981 



Micro/memory chi ps 

Jan. 8— MC6883: SAM simplifies 

memory-MP interface 
March 31-SCD-1000/2000/3000: 

Fast ULAs provide 300 

gates 

April 16— CRT 9006: Single row 

buffer solves contention 

problems 
April 16— PD 44C/D: 16K CMOS 

static RAM 
May 14— 8 x 60: Controller chip 

turns RAMs into FIFOs 

Com puter boards 

Feb. 19— SDK-2920: Design kit 

solves signal-processing 

problems 
Feb. 19— BLC-8488: Interface 

board mates multibus 

and 6PIB 
March 31 — IDD008: User program- 
mable indexer 
March 31 — MBC-xxx/16: Multibus 

board delivers up to 512K 
April 16— PB-24Q: I/O modules 

quadruple switches 



Peripherals Computer 
Jan. 8— CBx series: Graphics Jan. 22— 

imaging peripheral 
Jan. 8— 6250: Color graphics Feb. 5— 

workstation 
March 19—840: 75 characters/s 

printers support com- Feb. 19— 

munications 
April 30— Hand operated March 31- 

positioners control 

computers March 31- 

April 30— Sprinter 80: 80-column 

printer/plotter March 31- 

April 30— 98120: Air bearings cut 

drag in streaming tape April 16— 

drive 

April 30— WINC-08: Disk system April 30— 
quadruples capacity 

June 11 — 



s ystems 

SPM-A13: Emulator helps 
develop and debug 
Focus 5000: Computer 
system handles 100,000 
measurements/s 
System 40: 16-bit net con- 
troller runs at 1Mbits/s 

-ID64: Controller fie 
improves with hard disk 

-9508: Stand alone ICE 
tests processors at speed 

-Auricle I: Speech system 
obeys user commands 
DT302: Data acquisition 
system interfaces easily 
IBAS: Computer-graphics 
system 

Series 300: Computer 
modules role for fault 
tolerance 



Sign up for a free subscription to Electronic Design today. 
Use the subscription qualification card in this issue. 





UNITED 

TECHNOLOGIES 
MOSTEK 



Matrix lOO.The STD BUS 
User- Configurable Computer 
for OEM's. 




Matrix 100 is unlike any other 
computer available. It's user- 
configurable. Which means, quite 
simply, that you can quickly and 
easily customize it. Precisely. And 
cost-effectively. 

Instead of a fixed hardware 
configuration, for example, you 
determine the amount and type of 
memory, I/O and/or special func- 
tions you need. Final assembly is 
literally a snap because Matrix 100 
accepts industry-proven Mostek 
STD BUS boards as the hardware 
system components. 

There are 36 boards in all, and 
each one is already assembled. 
Tested. Debugged. And modularized 
so that you only have to buy those 



functions you need. 

To create virtually any hardware 
combination, just make your selec- 
tion and plug up to 10 STD BUS 
boards into the Matrix 100. Within 
minutes, you'll be ready to start 
the application software. 

Included within the industrial 
quality, rack-mountable chassis 
are an eight-inch 512KB floppy 
disk drive and a complete power 
supply. A CP/M* compatible operat- 
ing system is also available that 
will enable you to work with an 
extremely large number of pre- 
written programs. 

As for the future, Matrix 100 is 
just the first member of a complete 
user-configurable computer family. 



A family that will include a dual 
floppy disk drive version plus 
another with a 5 l A inch hard disk 
Winchester as well. 

If all of this sounds enticing, the 
price will make it even more so. 
Because by buying only and exactly 
what you need, you can make the 
system components learning curve 
work for you. Without cutting 
corners. Find out how. Write Mostek 
Corporation, 1215 West Crosby 
Road, MS 509, Carrollton, Texas 
75006 (214) 323-1829. In Europe, 
contact Mostek International at 
(32) 2.762.18.80. In the Far East, 
Mostek Japan KK (03) 404-7261. 

"Trademark of Digital Research Corporation 

Matrix 1 00 and Mostek are trademarks of Mostek Corporation 

©1981 Mostek Corporation 




Hay den— For The 
Serious Software Solution! 




New! HAYDEN APPLESOFT™ 
COMPILER (Eiten) Translates your standard 
Applesoft BASIC program into true machine code. 
The resulting binary program runs 3 to more than 12 
times faster than normally interpreted code- The 
longer and more complex the original program, the 
greater the increase in execution speed. Compilation 
is a one step procedure. The user just specifies the 
program to be compiled and the compiler does the 
rest. When compilation is finished, the compiled 
program is automatically saved onto a disk and can 
be BRUN 08809, Apple II Disk, $200. 

New! DENTISTAID™ (Micro Computer 
Managements, Inc.) This dental office management 
program is designed to streamline all major time- 
consuming tasks performed in the dental office It 
automatically prints standard ADA insurance forms, 
prequaltfication and actual services, monthly state- 
ments, patient recall notices, accounts receivable 
aging reports, daily summary of work performed and 
payments received, daily, weekly, monthly and yearly 
totals, production analysis using standard ADA 
categories and display of individual accounts. 
103O9, Apple II Disk, S1000; 
10306, CP /M Disk, $2000. 



IDER TODAY! 

Hayden Book Co., Inc. 

50 Essex St., Rochelle Park, NJ 07662 

Please send me the software checked. Residents 
of NJ and CA must add sales tax. Offer good in 
US only. Name of individual ordering must be 
filled in. Payment must accompany orders from 
PO Box numbers. 

□ Enclosed is my check or money order. 

□ Please charge to my Visa or Master Card 
account * 

Interbank * Expiration Date 



□ 04909 

□ 05103 

□ 05108 

□ 05713 

□ 07709 

Name 



G 08809 

□ 10306 

□ 10309 

□ 11006 



□ 11009 

□ 11106 

□ 11109 

□ 11206 

□ 11209 



City/State/Zip . 



ED 9/81-124 



INVENTORY MANAGEMENT 
SYSTEM FOR STOCK CONTROL 

(JACC. Inc.) A business program that is essential to 
the success of any business. Provides a complete and 
up-to-date overview of stock with minimal effort. 
Keeps track of stock activity, thus eliminating the 
problems of inventory excess and shortage. Assures 
you of trouble-free inventory control and. more 
importantly, lower costs for your business. 07709, 
Apple II Disk, $175.00. 



A Financial Planning 



(Montgomery) Allows you to enter data from business 
documents into the program to make assumptions 
about future growth of business, and to have the 
computer project results for up to a five year period 
based on those assumptions. If you should change 
any data, the program revises all resulting data 
automatically. The disk version can be used only with 
TRSDOS Version 2 3 05103, TRS-80 Level II 
tape, $69.95; 05108, TRS-80 Level II Disk, 
$74.95. 



MAILING LIST (Tru-Data Software) Lists 
addresses, prints labels, allows for alterations and 
deletions, sorts, and has the capacity to make 
duplicate data file disks. Can only be used with 
Version HDOS 1.5, 05713, Heathklt/ Zenith 
Disk, $49.95. 



DATA MANAGER! A Data Base 
Management System and Mailing 
List (Lutus) Now you can store information on a 
floppy disk and retrieve it quickly and easily. Within 
one-half second, you can recover your data from 
up to 32,000 alphanumeric characters at a time 
(total capacity 96,000 characters per diskette)! 
Features powerful cursor-based text editor and sorts 
on any key. Produces subfiles from any search and 
eliminates need for costly printer boards within its 
1200 baud serial interface. May be used for mailing 
lists, data banks, recipes, filing systems, etc. 04909, 
Apple II Disk, $49.95. 

Available at your local 
computer store I 



COMING SOON! TIME AND 
MANAGEMENT SYSTEMS for 
Consultants, Accountants and 

Lawyers (Microcon) Save money and 
streamline all time consuming office chores. Solve 
billing and record keeping problems without any 
data processing knowledge. Features are: 

• Pre-Billing Worksheet 

• Billing and Payment Ledger 

• Aged Accounts Receivable 

• Professional Analysis 

• Write-Up/Write-Off Analysis 

• Type of Service Analysis 

ACCOUNT TIME AND BILLING 
11106, CP/M Disk, $1000 
11109, Apple II CP/M Disk, $1000 
CONSULTANT TIME AND BILLING 
11206, CP/M Disk, $1000 
11209, Apple II CP/M Disk, $1000 
LAW-1 LEGAL TIME AND BILLING 
11006. CP/M Disk, $1000 
11009, Apple II CP/M Disk, $1000 

Also Available From 
Hayden. . . 

ENGINEERING SOFTWARE 

OP-AMP DESIGN (Apple II) 
MICROCOMPUTER AIDED DESIGN OF 
ACTIVE FILTERS (PET, TRS-80 Level II, Apple 
II, Heathkit/Zenith) 

MCAP: A Microcomputer Circuit Analysis 
Program (PET, TRS-80 Level II. Apple II, 
Heathkit/Zenith) 

DOUBLE PRECISION FLOATING POINT 
FOR APPLESOFT TM (Apple II) 
ENGINEERING MATHEMATICS- 1 (PET, 
TRS-80 Level II, Apple II) 

LANGUAGE SOFTWARE 

SUPER APPLETM BASIC (Apple II) 
PROGRAMMING IN APPLETM INTEGER 
BASIC: Self-Teaching Software (Apple II) 
APPLETM ASSEMBLY LANGUAGE 
DEVELOPMENT SYSTEM: An Assembler/ 
Editor /Formatter (Apple II) 
Super FORTH (Apple II) 

UTILITY SOFTWARE 

SLOW UST/STOP LIST (Apple II) 
PSEUDODISK: A Disk Simulator for 
Integer BASIC (Apple II) 
6502 DISASSEMBLER (AppleTI) 
APPLESOFT UTILITY PROGRAMS (Apple II) 
DISK CATALOGER (TRS-80 Level II) 
DISK CERTIFIER AND COPIER (Apple II) 
LINE AND VARIABLE CROSS REFERENCE 
GENERATOR (PET) 

RENUMBER & APPEND: Utility Programs for 
the Apple (Apple II) 
REVIVE (Apple II) 



For Orders, Inquiries and Technical Support Call Toll Free 

HAYDIN HOTLINE 

800-631-0856 




BBSBSSB 

Apple and Applesoft are trademarks of The Apple Computer Inc., and are not affiliated with Hayden Book Co. 



50 Essex Street, Rochelle Park, NJ 07662 BOOk CORIfHIfiy, IllC 
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Tim ueinejuugc 




We'll give you 30 days 
to be hard with our software. 



Since several levels of management 
make buying decisions, it is often diffi- 
cult for the technical programmer to 
purchase the programming aids he 
needs to do an effective job. 

Now, Corporate Computer Systems 
makes it possible for established HP- 
1000 users to evaluate our software 
tools for 30 days at No-Cost, on site 
before you actually buy it. If the soft- 



ware doesn't meet your expectations, 
you simply send it back to CCS, no 
questions asked. 

Call, write or circle our reader ser- 
vice numberfor ourfree brochure which 
explains this offer further and lists the 
software tools that are available to you. 

We urge you to take advantage of 
this unique offer and judge this high 
productivity software for yourself. 



CCS 

Corporate Computer Systems, Inc. 

675 Line Road, Aberdeen, New Jersey 07747 USA 
Telephone: (201) 583-4422 Telex: 642672 CCS ABTW 
CIRCLE 124 
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Z8000* Memory Management 
Processor Board features 
4MHz Z8000 running with unique 
paged/segmented memory 
management. Includes interrupt 
controller, interval timers. Can also 
support PROMs and 951 1 APU. 
Multi-User operating system 
available. Standard Board $795 
Monitor PROMs $90 
9511 APU $265 



Intelligent Octal I/O Board 

provides 8: RS-232 ports controlled 
by on board 2650 microprocessor. 
1 6K of dual-port RAM allows data 
transfers with no bus overhead. 
Includes standard terminal driver 
program, can hold 4K custom driver 
program in PROM. $700. 



ANSI Winchester Controller fully 
conforms to the proposed ANSI 
standard for 8" Winchester disk 
drives. Custom microprogramming 
available to interface with other disk 
drive interfaces. Controls up to eight 
drives. $550. 




32K-128K Dynamic 
RAM Board features low 
power consumption, 
standard parity checking, 
and ultra-high reliability. 
32K-$530 96K-$1080 
64K-$800 128K-$1350 



Static Ram Board adds 
either 16K or 32K of static 
memory to a Multibus 
system. 16K-$620 
32K-$1100 



Cartridge Disk Con- 
troller Board provides 
DMA transfers to or from 
cartridge disk drives with 
capacities of 1 or 20 
Mbytes. $435 



Double Density Floppy 
Disk Controller adds from 
one to four double density 
standard sized floppy disk 
drives, either single or 
double-sided. $315 




Octal Serial Interface 
Board allows up to eight 
EIA RS-232 interfaces. 
$330 



Quad Serial Interface 
Board hooks up to four EIA 
RS-232 interfaces to your 
system. $280 
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Mother Board can hold up 
to 15 Multibus cards with 
both P1 and P2 provided 
for each card position. 
$315 



PROM Board allows the 
user to hook between 1K 
and 128Kof PROM to a 
Multibus system. $140 



Extender Board will raise 
a board being tested up to 
a height of 6.9 inches. $60 



Prototyping Board will 
accommodate up to 95 
16-pin sockets, allowing 
the user to wire wrap a 
prototype circuit. $55 



Central Data Corporation 

P. O. Box 2530 Station A 
713 Edgebrook Drive Champaign, IL 61820 
(217) 359-8010 TWX 910-245-0787 



All prices are OEM quantity 25-99. 
Complete price list available on request. 



'Multibus is a trademark of Intel Corporation 
Z8000 is a trademark of Zilog Corporation 
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CROMIX* — Cromemco's outstanding 
UNIX — like operating system 



CROMix is just the kind of major 
development you've come to expect 
from Cromemco. After all, we're 
already well-known for the most 
respected software in the microcom- 
puter field. 

And now we've come up with the in- 
dustry's first UNix-lookalike for 
microcomputers. It's a tried and proven 
operating system. It's available on both 
5" and 8" diskettes for Cromemco 
systems with 128K or more of memory. 

Here are just some of the features you 
get in this powerful Cromemco system: 

• Multi-user and multi-tasking 
capability 

• Hierarchical directories 

• Completely compatible file, 
device, and interprocess I/O 

• Extensive subsystem support 

FILE SYSTEM 

One of the important features of our 
cromix is its file system comprised of 
hierarchical directories. It's a tree struc- 
ture of three types of files: data files, 



'CROMIX is a trademark of Cromemco, Inc. 
tUNIX is a trademark of Bell Telephone Laboratories 



directories, and device files. File, 
device, and interprocess I/O are com- 
patible among these file types (input and 
output may be redirected inter- 
changeably from and to any source or 
destination). 

The tree structure allows different 
directories to be maintained for different 
users or functions with no chance of 
conflict. 

PROTECTED FILES 

Because of the hierarchical structure 
of the file system, cromix maintains 
separate ownership of every file and 
directory. All files can thus be protected 
from access by other users of the 
system. In fact, each file is protected by 
four separate access privileges in each 
of the three user categories. 

TREMENDOUS ADDRESS SPACE, 
FAST ACCESS 

The flexible file system and general- 
ized disk structure of cromix give a disk 
address space in excess of one gigabyte 
per volume — file size is limited only by 
available disk capacity. 



Speed of access to disk files has also 
been optimized. Average access speeds 
far surpass any yet implemented on 
microcomputers. 

'C COMPILER AVAILABLE, TOO 

Cromemco offers a wide range of 
languages that operate under cromix 
These include a high-level command 
process language and extensive sub- 
system support such as cobol, Fortran 
iv, ratfor, lisp, and 32K and 16K BASICS. 

There is even our highly-acclaimed 
'C compiler which allows a program- 
mer fingertip access to cromix system 
calls. 

THE STANDARD O-S 
FOR THE FUTURE 

The power and breadth of its features 
make cromix the standard for the next 
generation of microcomputer operating 
systems. 

And yet it is available for a surprisingly- 
low $595. 

The thing to do is to get all this 
capability working for you now. Get in 
touch with your Cromemco rep today. 



Cromemco ™ 

incorporated 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415)964-7400 

Tomorrow's computers today 
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Network hardware is key 
element in connection costs 



Host-software burden, sharing, 
interconnectability, and specialized 
networking components all must be 
considered in determining the cost 
for each network connection. 

The most common local-networking rule of thumb is 
that the cost of adding a work-station should only be a 
small fraction — say 10% to 20% — of the cost of astand- 
alone host. Today's local-area networks easily satisfy 
that rule, whether the network is a group of small 
computers with one acting as the net master, a larger 
number contending for access to a distributed-control 
bus, or a broadband system designed to connect thou- 
sands of users. 

The cost per connection hinges on three major con- 
siderations: 

■ Host-software overhead burden determines the 
work station's cost performance in the sharing mode 
and is the primary factor in selecting a basic class of 
LAN: master-slave microcomputer network, low-cost 
contention bus, general-purpose contention bus, or 
broadband system. 

■ Interconnectability, or the number of work sta- 
tions that can share resources concurrently, deter- 
mines how much the user can afford to spend on 
resources such as hard-disk drives, versus using 
stand-alone computers with their own peripherals. 

■ The cost of specialized networking components 
can be averaged over the number of network nodes. 
These include the master station and the required 
support in slave stations on a master-slave network, 
the distributed-control interfaces in a contention or a 
token-passing system, the costs of frequency multi- 
plexing and channel switching in a broadband system, 
and the cost of the transmission medium. 

Process-control, military, and other high-reliability 
networks may require redundant paths, which drive 
up interconnect hardware and media costs. Also, the 
need for master command and control prevents full 
distribution of system control. 

The great majority of small computer networks 

George Sideris, Contributing Editor 



packaged by OEMs today are hierarchical. Two repre- 
sentative strategies for keeping host overhead down 
during network growth are to expand a master-slave 
microcomputer network's bus resources or to expand 
a star by adding microcomputer-based terminal clus- 
ters at the outlying nodes. 

The bus approach offers high-speed access to 
shared disk storage. For three or four slaves to access 
storage, 128 kbytes of RAM are added to the master. 
More slaves call for a second CPU, then buffer mem- 
ory in the disk controller and each microcomputer. As 
the network grows to 32 users — its limit — the effec- 
tive cost per connection drops from under $1000 to 
under $500. The star approach competes by using 
serial links and satellite CPUs with 64-kbyte RAMsto 
unburden the original CPU. A basic three-CPU star 
can support 16 users. 

Contention systems also grow incrementally in 
cost. Those designed to connect up to 64 stations 



Microprocessor 
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channels 



. Other 
services 



Channel 
switching 
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Microprocessor 










Transceiver 









(b) 







1. Broadband bus systems (a) require multiplexing and 
channel switching to grow beyond a simple baseband 
bus (b). 
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generally have an interface cost of $500 or less (Table 
1), whereas those designed to link up to 256 have 
interface costs up to around $1000. Each host's over- 
head is moderate because distributed control allows 
each to communicate with the resources. 

As the number of users grows, the interconnection 
costs grow in proportion until they add up to more 
than the total cost of the microcomputers on a master- 
slave network. However, large, costly resources can 
be shared by many more work stations to lower the 
average cost per user. The resources of these net- 
works range up to mainframe computer systems. The 
mainframe acts as a data-base server to the microcom- 
puters, and the microcomputers minimize the main- 
frame's time-sharing and front-end communications- 
processing load. 

These systems cannot operate at high data rates, 
because each host (or server) has to handle higher- 
level communications tasks with software. So the bus- 
interface units (BIUs, also called CIUs, or communi- 
cations interface units) can be built with standard, 
low-cost LSI chips, such as serial I/O circuits and 
single-chip microprocessors, accounting for the low 
cost involved in such systems. 

Mid-range contention 

The next cost break comes in systems, such as Net/ 
One and Ethernet, designed to handle hundreds of 
office computers, terminal clusters, large disk storage 
systems, laser printers, and even mainframes. They 
require multicard interface subsystems that run at 
bandwidths as high as 10 Mbits/s and that further 
reduce host overhead. 

Here, the interface is typically a high-speed Z-80 or 
8085 microcomputer system designed to resolve bus 
contentions and support virtual-circuit transmission. 
Prices start at about $4000 for a two-board system 



with a computer-bus port, plus $500 per transceiver 
card, and range to over $10,000 for a multiport system 
with a multiprocessor, user-programmable microcom- 
puter system. The basic Ethernet controller for Mul- 
tibus-based systems is a $4000 8085 system, for 
example. OEMs can minimize host overhead by stor- 
ing iLNA software modules as firmware, but that also 
increases the cost per connection. 

But again, the rules of thumb hold true. For exam- 
ple, the first Ethernet-compatible product, the Xerox 
8010 Star multifunction office computer, costs $16,595 
in a basic configuration, compared with around $3000 
for a low-cost net's personal computers and about 
$1000 for a cluster's CRT terminals. 

The cost of mid-range interfaces will drop as VLSI 
begins to replace the microcomputer systems. The 
target is to compete with office telephone systems 
($600 to $1100 per line) between 1985 and 1990. Mean- 
while, the low-cost systems have made "LAN" an 
office if not a household word. 

At the high end of the common-bus range are high- 
performance channels designed to connect a relatively 
small number of mainframes and large memory sys- 
tems. They cost well above $10,000 per connection 
because they are built with emitter-coupled logic 
(ECL). But the shared resources are far more costly 
and until recently were I/O-limited. 

Broadband systems 

Broadband bus networks compete with linear sys- 
tems across much of the applications range and are 
also competitive with PBX systems. Like other 
LANs, they require an intelligent interface. They also 
require some form of frequency multiplexing and 
channel switching to grow beyond a simple baseband 
bus (Fig. 1) 

In these systems, computers are connected through 



Table 1. Size and cost of networks with contention-access channels 




Low-cost linear bus 


Midrange linear bus 


Broadband bus system 


No. data channels 


1 (baseband) 


1 (baseband) 


2 to over 256 


Channel protocols 


CSMA or CSMACD 


CSMA/CD 


CSMA/CD or modem 


Maximum nodes per channel 


64 to 256 


256 to 1024 


2 to over 256 


Data rate per channel 


0.2 to 1 Mbit/s 


2 to 10 Mbits s 


9.6 baud to 12 Mbits s 


Interface costs per node 


$500 to $1000 


$5000 to $10,000 " 


$1,000 to $10,000 * 


Host overhead 


Moderate 


Low 


High to low 


Other subsystems 


None required 


Repeaters or bridges for 
maximum size 


Frequency and channel 
switching 


Cable required 


Wire or coaxial 


Low-loss coaxial 


Cable television 


Typical system startup cost 


$10,000 to $25,000 


$25,000 to $50,000 


$25,000 to over $1 00.000 


Remarks t 


Can be stand-alone 
microcomputer network or 
computer front end 


Can be stand-alone 
microcomputer network or 
include mainframes and 
terminal clusters 


Can also include dedicated 
computer and terminal channels 
and voice and video channels 



* High-end interfaces are multiport subsystems: $1000 is typical price for terminal modem for broadband system. 
' Minimum startup system in all three cases is two work stations and a shared disk drive. 
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(C) Extended IEEE-488 bus 



Computer 



Interface 



Master 
PC 



Redundant 
coaxial 
cable 



Monitor 



Twisted pair 



PC — Programmable Controller 
NC — Numerical Controller 



(b) Broadcast channel added 




(d) Token-passing bus 





2. Industrial networks are being built with broadband cables (a), with additional broadcast channels (b), 
with extensions of the basic IEEE-488 bus (c), and with token-passing systems (d). 







multiport bus interfaces costing about the same as 
mid-range contention-bus units (about $4000 to 
$10,000, depending on packet-channel bandwidths). 
However, RS-232-C serial inputs can be interfaced 
with a channel for about $1000 using an intelligent 
modem (Fig. 2). 

Thus terminals, microcomputers, and large compu- 
ters all can be connected economically to the same 
broadband cable. The drawback in small systems is a 
high startup cost — to share the costs, there must be 
enough users to share the channel high/low-frequency 
converters and channel switchers. LocalNet keeps 
these costs fairly incremental with expandable sub- 
systems whereas WangNet assumes that the system 
will start up with numerous users. Its component 
breakdown is: 

■ $850 per 9.6-kbaud port and $1200 per 64-kbaud 
port on dedicated serial channels (total of 48 channels) 

■ $1250 for the 9.6-kbaud ports on 256 switched 
point-to-point channels, plus a $12,000 switch for each 
system 

■ $3800 per interface with a wideband, contention 
channel using CSMA/CD and proprietary protocols 

■ User-supplied equipment on the video band. 
These facilities use only one-third of the bandwidth 

of cable television (CATV) cable, yet allow the system 
to grow to over 65,000 users. 



The largest portion of the cost of the transmission 
medium are for installation and fittings. In an old 
building, installation is comparable to electrical rewir- 
ing, so the costs are high regardless of the medium. In 
a new one, the owner and architect make a de facto 
decision on the type of LAN to use in the future. 
Today, the canny architect puts in coaxial cable and 
may hedge the future by equipping the new building 
with fiber-optic cable while it is still economical to do 
so. Smart OEMs also look ahead. IBM, for one, de- 
signed its 8100 business loops to use spare power 
circuits and encouraged users to put complete spare 
wiring systems in new buildings. 

The media matches 

Except for fiber-optic cable, the choice of medium is 
fairly routine today. Because twisted-pair and stan- 
dard coaxial cable can carry all the traffic of low-cost 
systems with bandwidth to spare, they are usually 
specified by the LAN vendors. Low-loss coaxial base- 
band or CATV cable, connectors, and taps are very 
rigidly specified for high-capacity systems and the 
highest-performance commercial systems use multi- 
ple triaxial cables. 

Although several experimental fiber-optic bus sys- 
tems are in operation today at university computing 
centers and research laboratories, the buses are very 
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expensive to build. Optical mixers are needed to cou- 
ple one station's transmitting and receiving strands to 
another's. Development of inexpensive taps to a com- 
mon light pipe would eliminate this problem. 

Optical fibers fit in 

Point-to-point fiber-optic links, on the other hand, 
are being used economically in all applications requir- 
ing high noise immunity and electrical safety. For 
instance, plastic optical cable and inexpensive mod- 
ems are widely used with noisy equipment that would 
ordinarily be connected by twisted pairs. To save 
modem costs, few links so far have been designed for 
high data rates. 

Again, cost is directly proportional to the type of 
service. For a standard, serial-transmission link, 
prices start at around $150. A 10-Mbit/s, Ethernet- 
compatible link costs over $500 and a 50-Mbit/s link 
over $3,000. 

Building up reliability 

A common problem in industrial and military sys- 
tems is building up reliability in a centralized system 
without greatly increasing overhead or costs. Some of 




3. Military networks handle a wide variety of functions, 
covering navigation signals to weapons control. 
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4. The Shinpads system uses bus-access modules (BAMs). 
transformer-coupled, passive taps that attach to four nodes. 



the basic approaches that are presently being used in 
industry are to: 

■ Replace a rat's nest of plant wiring with one or 
two broadband cables, using protocol-transparent RF 
modems (Fig. 2a). Data Exchange (DAX) units have 
been used in such applications for a decade (Amdax 
Corp., Bohemia, NY) 

■ Support rapid-fire polling and transmission with 
a combination of frequency and time multiplexing 
(Computrol Corp., Ridgefield, CT). Such systems of- 
fer a broadcast-like capability (Fig. 2b) 

■ Extend an IEEE-488 or HP-IB bus with optical 
links (Hewlett-Packard, Palo Alto, CA). The standard 
allows for multicomputer systems and pass-control 
functions (Fig. 2c) 

■ Token-passing systems with optional redun- 
dancy, such as Modway (Modcom Division of Gould 
Inc., Troy, MI). This system has a variable topology 
and redundant network switching and operates at 
1.544 Mbits/s for compatibility with the Tl telephone 
carrier. 

Military command and control systems have similar 
requirements, although the nodes have different 
names. Some are based on coaxial switches — the AN/ 
USQ-67 is a 2 x 640 x 640 matrix with a data rate of 25 
Mbits/s per connection (Fig. 3). Recently, the Cana- 
dian Department of National Defense sponsored de- 
velopment of the first bus bystem for major military 
systems, the AN/UYC-50KV) Shinpads (Shipboard 
Integrated Processing and Display system). 

Sperry Corp. , the developer, plans to make the bus 
access modules commercially available. The BAMs 
are transformer-coupled, passive taps that attach to 
four nodes. The military system uses the BAMs in a 
highly redundant, 10-Mbit/s triaxial cable system 
(Fig. 4). In a commercial system, only one BAM per 
node is needed to handle separate control and data 
paths (Sperry Univac Defense Systems Division, St. 
Paul, MN). 

Solving future problems 

Local packet-switching networks can provide ac- 
cess to remote facilities through standard telephone 
interface hardware, but the work stations can access 
the public packet-switching networks only through 
large host computers equipped with X.25 front-end 
processors. 

Since the public packet networks are widely used 
for advanced distributed-processing information ex- 
change, LAN vendors are searching for ways around 
this problem. One solution that will soon be used on 
Net/One is the C Machine (BBN Computer Corp., 
Cambridge, MA). This system can interface local 
packet-switching systems, public networks requiring 
X.25 interfaces, and the Arpanet as a node on a local 
network. □ 
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The awesome potential 
of a new creation. 




CONCEPT 32/87 





SYSTEMS, the pacesetter in 32-bit 
real-time computation, has unleashed the 
CONCEPT 32/87-the most powerful 
minicomputer in the industry. A new 
standard of performance has been created. 
A new target for the competition. And both 
software; transportability and processor 
compatibility have been maintained. 

CONCEPT 32/87 gives you performance 
and capabilities previously found only on 
m.iinframes. ECL technology. 16 or 32 KB 
cache memory. 75 nsec cache cycle time 
with better than 90% hit rate. Instruction 
pipelining. Diagnostic processor. 64-bit 
internal busses. RAM control store. 



Argentinaj*Australia'Belgium*Canada>Colombia*England 
f rmice-ltnlyOapan-Mexico-Sweden-Thailand-West Germany 



Integral floating point processor. MOS 
memory to 16 MB. Low silhouette packaging. 

With a processing rate of almost A Mil",, 
CONCEPT 32/87 is two to four times faster 
than any other high end mini. We'll match 
benchmarks against any other minicomputer 
in the industry. Challenge our new creation. 
Call or write SYSTEMS, today. The capabil 
ities of the CONCEPT 32/87 can make a big 
difference in your real tune scientific and 
engineering applications. 

Systems Engineering Laboratories, Inc., 
6901 W. Sunrise Blvd., Ft. Lauderdale, FL 
33313. (305) 587-2900, 1-800 327 9716. 
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CIRCLE 127 /■ Subsidiary of GOUI U IN' 



HIBIT A: 

LSM1/23 256 KB dual-high 
memory with 22 bit addressability. 

The MSC 4804 utilizes single 
voltage 64K rams and wire wrap 
posts instead of switches to 
provide the most reliable LSI-11 
memory available. On-board parity 
generation, checking, storage and 
battery back-up operation are 
standard. A 128KB version is also 
available or our 64KB, MSC 4604. 
(Exhibit A1) 



Ml 



HIBIT B: 

11/780 256 KB add-in memory 
Monolithic Systems MSC 3610 is 

a direct replacement for the DEC 
M8210 VAX memory. The 256KB 
system is designed to provide 
maximum heat dissipation and 
thus extend memory life. 

EXHIBIT C: 

PDP 11/70 256KB add-in memory 

The MSC 3611 is designed for 
DECs MK11 semiconductor 
system and maintains full 
diagnostic and ECC compatibility. 



No, the Butler didn't do it. Monolithic Systems did. 
We designed the first semiconductor DEC compatible 
memory seven years ago. Since that time we've built 
a strong case for our memory products. 

Review the evidence and judge for yourself. 




EXHIBIT D: 

PDP 11/70 256KB to 2MB, 
add-on ECC memory 

The MSC 3602 is extremel I 
has an MTBF in excess of 4C 
hours and contains the most 
powerful set of on-board 
diagnostics in the industry. The 
rugged, modular design allo^ 
easy maintenance, low cost s . ares 
and extremely low MTTR. Or 
repair contracts are available 
the standard one year warrar 

EXHIBIT E: 

VAX 11/750 256KB add-in memory 

The MSC 3612 is a compa 
replacement for the M8728 Df.C 
memory with a 32Kx72 bit 
configuration. 

IN CONCLUSION: 

Monolithic Systems provide* the 
features and services OEM's value. 
All memory elements are socketed, 
all products carry a full one year 
warranty and delivery is less than 
30 days for quantities under 25. 
Refer to the chart below for tr 
Monolithic Systems product that 
suits your particular computer's need. 



•DEC VAX, LSI-11, PDP-11/70 are registered 
trademarks of Digital Equipment Corporation 
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84 INVERNESS CIRCLE EAST 
ENGLEWOOD, COLORADO 80112 

FOR FURTHER PRODUCT INFORMATION AND PRICING . . . CALL TOLL FREE 1-800-525-7661 

TELEX: 45-4498 



Design 



With twice the storage capacity of competitive UV-erasable 
programmable ROMs, this 16-kword X 8-bit memory features low 
power, fast access, three-state outputs, and a single 5-V supply. 



X-cell architecture packs 
128 kbits onto EPROM chip 



With an innovative memory-cell architecture 
called X-cell, Texas Instrument's TMS2528 becomes 
the highest density UV-erasable memory device 
available. It packs twice the storage capacity of 
conventional EPROMs— over 128 kbits on a single 
chip. 

Organized into a 16-kword X 8-bit configuration, 
the fully static, nonvolatile unit comes in a 28-pin 
DIP (Fig. 1) and features a slew of enhanced 
performance capabilities: 

■ The lowest per-bit power dissipation of any 
EPROM-3.05 M W/bit 

■ A power-down mode that reduces total standby 
power to only about 100 mW 

■ A fast access time of 250 ns (maximum) 
between valid address inputs, found only in much 
smaller EPROMs. (A conventional 64-kbit memory 
accesses in about 450 ns.) 

■ Operation from a single 5-V supply in the read 
mode 

■ Three-state data outputs, which simplify device 
paralleling and has interfacing. 

The special X-cell archi- 
tecture reduces the memo- 
ry-array area by 40% of that 
of more conventional de- 
signs so that the chip oc- 
cupies just 42 kmils 2 , slight- 
ly more than competitive 
chips having half the stor- 
age capacity. And the 3-nm 
layout rules of the 2528's 
geometry allow word and bit 



Joe Neal, Section Manager of 

Nonvolatile Memories 

Dave McElroy, Branch Manager 

of Nonvolatile Memories 

Texas Instruments Inc. 

4000 Greenbriar Drive 

Stafford, TX 77477 




lines to run much closer than in conventional 
EPROMs. Naturally, the success of the X-cell archi- 
tecture and dense layout augers well for making the 
2528 the forerunner of a second-generation EPROM 
that will double the storage capacity to 256 kbits in 
the near future. 

Fabricated with n-channel silicon-gate transistors 
(see "The 2528 EPROM Transistor Structure"), the 
device interfaces readily with both MOS and bipolar 
support circuits. All inputs — including programmed- 
data inputs — can be applied with TTL logic without 
external pull-up resistors. And each three-state out- 
put can drive a single TTL load, also without the 
need for external resistors. 

They're easy to use 

The three-state data outputs allow several 2528s 
to be connected directly to a common system bus. 
Taken together with its static design, the 2528 
is extremely easy to address and read, or to program. 
The read-access timing is simple (Fig. 2). The time 
from the CS (CHIP SELECT) signal to valid-data output 

t a (S), with the address 
established is just 120 ns 
(max). The time required 
between valid-address in- 
puts t a (A) is 250 ns max- 
imum. And when several 
2528 units operate together, 
the minimum time between 
CS selections t p (XZ) (the so- 
called float state) is 100 ns, 
and almost no time, t p (VX), 
is needed between the end of 
an address and the availabil- 
ity of valid data. 

Because of the three-state 
outputs, when two or more 
2528's are connected in com- 
mon on a single bus, the 
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output of any single EPROM can be read without 
interference from the others. Low TTL logic signals 
on both the PD/PGM and CS terminals of the selected 
2528 enables it; all the other 2528s must be disabled 
with high logic signals to either the PD/PGM or CS 
terminal. The output data appears on the terminals 
Qi through Q 8 . 

A power-down mode for conserving system power 
by over 80% is entered when a high level is applied 
to the PD/PGM terminal. In this mode, all outputs 
present a high-impedance, and the 5-V supply cur- 
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1 . The simplicity of the TMS2528 EPROMs I/O and control 
requirements allows housing the memory in just a 28-pin DIP, 
despite the unit's 1 28-kbit capacity. 
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2. Simplicity is reflected also in the TMS2528's timing 
diagram. About 1 20-ns must elapse before valid data can be 
read after a cs signal, and about 250 ns is needed after an 
address change. 



rent drops to about 15 mA (typically), 30 mA (max- 
imum); thereby, only about 100 mW is consumed. 
Under normal operating conditions, the chip draws 
approximately 80 mA and consumes about 400 mW. 
Current to the 21-V terminal for programming is a 
maximum of 30 mA. 

Programming requires 21-V supply 

To program data, the 2528 requires a 21-V power 
supply to its V pp terminal (which is a few volts lower 
than the 25 V generally required by the conventional 
smaller-memory-capacity EPROMs). A single TTL- 
level pulse per memory location deposits a logic ZERO. 
Any existing EPROM programming equipment can 
be used. 

However, the programing voltage (V pp ) should not 
exceed 21 V, because higher voltages can punch- 
through and damage the device. This poses a minor 
problem, because conventional EPROMs normally 
withstand 25 V; therefore, most electrical program- 
mers use this higher voltage. Thus, when program- 
ming a 2528, a voltage divider must be inserted 
between the programming unit and the V pp pin on 
the memory chip to reduce the voltage level to the 
21-V level. 

Prior to programming, the 2528 must be erased 
by exposing it to high-intensity (15 W-s/cm 2 ) ul- 
traviolet (UV) light (A = 2537 Angstroms). Light 
enters through a transparent lid on top of the chip. 
For most applications, the typical 12 mW/cm 2 filter- 
less UV lamp will erase the device in about 21 
minutes when placed about 1 in. above the chip. After 
erasure, all memory bits are in a high (logic ONE) 
state. 

Programming consists of entering logic zeros in 
the desired locations. The programming input data 
are presented in parallel on pins Qi through Q 8 (which 
become the output pins in the read mode). After 
about 4 us to allow the address and data to stabilize, 
a 50-ms (typical), 55-ms (maximum) low-level TTL 
pulse is applied to the PD/PGM terminal for. each 
address location. Memory locations can be pro- 
grammed in any order, singly or in blocks. 

More than one 2528 can be programmed in the 
same setup when the devices are connected in 
parallel. As in the read mode, low-level signals 
applied to both the PD/PGM and CS pin select the unit 
to be programmed. 

The architecture is different 

To achieve this programming and application 
simplicity, the 2528 requires an architecture unlike 
that of any conventional EPROM. 

A major architectural innovation is the chip's X- 
cell memory configuration (Fig.3a), which allows 
taking advantage of a faster and less space-consum- 
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Note: R through R 3 selects a row of eight blocks out of 4 rows. 
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3. The TMS2528's virtual-ground parallel-addressing scheme (a) saves hardware and space, and 
therefore the decoders for the secondary address lines S, T, and R can fit into a central location 
among the memory cells arranged in blocks of 4096 bits each (b). 
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ing virtual, or floating, ground configuration. A word 
line X; enables a string of 16 memory cells M to Mi 5 . 
Memory cells that had been programmed with a logic 
ZERO (they are in a logic ONE state when erased) never 
turn on; all the others do turn on when X ( is energized. 

A primary set of address inputs Pi through P 3 
selects one out of eight secondardy address lines, S 
through S 7 and turns on the corresponding 
transistors. A fourth primary address line Po, in 
combination with the S through S 7 secondary lines 
select one of another set of secondary lines T to T 8 . 
In this way, the path from output i to ground via 
one of the memory cells (M to Mi 5 ) is established. 
An unprogrammed logic ONE memory cell will then 
complete the path to ground and present a low at 
output Oj (which is inverted to a high or logic ONE 
at the chip output terminal). Thus, as the informa- 
tion from each memory cell is selected, the ground 
moves (floats) from cell to cell. 

Further, 256 sets of the string of 16 memory-cell 
transistors, shown in Fig. 3a, are parallel connected 
—source to drain. The gates of each set, are separate- 
ly connected to 256 independent word lines (X to 
X255), but the S, T, and ground lines are shared by 
all the 256 sets. A separate buffer and decoder circuit 
energizes one of each of the 256 word lines via eight 
primary address inputs, P 4 through Pn. 



In this way, one of the 4096 bits in the 256 sets 
of paralleled 16-memory cells strings (16 X 256 = 
4096) is individually addressed by the 12 address 
inputs P to Pn. Another two— primarily address 
inputs (P12 to Pi 3 ) to a decoder that selects one of 
four outputs (R to R 3 ) — then select a bit from 
among four of such 4096 bit groups, or one bit in 
16,384 bits. 

The 2528 is organized into 8-bit words. According- 
ly, eight 4096-bit configurations in each of the boxes 




The high circuit density achieved in the TMS2528 with its X- 
cell architective is best appreciated by comparing the 
1 -mil 2 /bit density of 1 976-vintage EPROMS (left) with the 
2528 s less than 0.2mil 2 /bit (right). 




4. The special decoding configuration of the X-address word-line circuits reduces both the 
number of nor decoder gate drivers and the number of inputs to them that are required in 
the X-decode section. This arrangement, despite the more complex circuitry, saves a 
substantial amount of chip space. 
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of the matrix B c . r (from B hl to B 8 . 4 ) in Fig. 3b are 
all addressed in parallel by the first twelve primary 
address inputs P to Pn. And, the next two primary 
inputs P12 to P13 select only one of the four box rows 
via the four decoded secondary-address lines Ro to 
R 3 . The result? One 16,384 8-bit word is formed for 
each unique 14-bit input address, P to P13. 

This decode scheme could be implemented as is 
done in many in a conventional memory designs with 
large numbers of series transistors, which not only 
occupy more space, but also take more time to access. 
The parallel-activation of the memory cell transis- 
tors and efficient decoding arrangement ensure high- 
speed operation. 

Address split between word and bit lines 

The block diagram in Fig. 4 shows the overall 
organization of the 2528's addressing and control 
circuitry. Note that the address inputs are split 
between the X, or word-line, address buffers consist- 
ing of the eight primary-address inputs P 4 to P u in 
Fig. 3a and the Y, or bit-line address buffers 
(stemming from the rest of the six primary inputs, 
P to P 3 and P12 to P13), which provide the virtual- 
ground selections via the S, T, and R secondary 
address lines. What is not apparent from the block 
diagram is another important architectural innova- 
tion that saves hardware. 

The conventional approach for obtaining the 256 
word lines would involve 256 decoding (NOR) gates 
(in the X-decode section) with eight inputs each. 
However, the special precode X-decode mux-select 
configuration reduces the NOR-gate count to a 
fourth, or 64 gates, with just four inputs each. The 
overall effect is a reduction from 2048 to 300 of the 
number of transistors required. This arrangement 
then needs about half the area used by other 
EPROMs for the same function. 

Word-line decoder in chip's center 

More important, however, the word-line address- 
ing decoder becomes small enough to be placed in 
the center of the chip, which reduces the average 
distance, and thus the delay time to the word lines. 
In addition, with a centrally located decoder, the 
word-line delay path goes through fewer buffers than 
needed with the circuitry on the chip's periphery. The 
result? The 2528 is almost twice as fast as most 
available 64-kbit EPROMs, even though the 2528 has 
twice the storage capacity. 

Not to be overlooked is that the 2528's virtual- 
ground scheme enters the power-down mode with a 
low-level logic signal on the X, word lines, where 
conventional devices must be powered-down with a 
high-level signal. Then, in the 2528, only the selected 
Xj line draws current on power-up; in the conven- 



The 2528 EPROM transistor structure 

In addition to improved overall architecture, the 
2528 incorporates advanced MOS techniques at the 
transistor-structure level— source-drain-channel dop- 
ing with arsenic (instead of with the usual 
phosphorus), thin gate oxides, and thin interlevel 
oxides (see figure). With arsenic, the transistor's 
source-drain channel can be made shorter and thus 
faster responding. On top of that, the channel also 
has less capacitance. The result? Despite parallel word 
lines, they offer low propagation delays. 

Moreover, the transistor's thin-gate oxide— about 
600 A compared to the usual 800 A — also contributes 
to the higher speed capability. Also, the thin interlevel 




oxide increases the capacitive coupling from the con- 
trol gate to the floating gate, which improves the 
transistor's control effectiveness. 

Not only is the doping and element structure 
advanced, but the fabrication technique also is im- 
proved over the conventional approach. Most semicon- 
ductor manufacturers fabricated EPROM memory 
devices with a double self-aligning process — 
polysilicon-1 gate self-aligned to the structure and also 
the polysilicon-1 self -aligned to the polysilicon-2 gate. 
However, TI builds the 2528 by self-aligning only the 
poly-1 layer to the rest of the structure. 

It is easier to manufacture: Fewer etching steps are 
involved, the chances for gross misalignment of the 
two polysilicon layers are reduced, and the process 
is less expensive. Above all, this so-called non-self- 
aligned process produces memory devices with higher 
reliability than conventional techniques. 

Although both methods can handle small elemental 
structures, the TI method does not have the 
metallization-coverage problems inherent in the 
double self-aligning process. In addition, none self- 
aligning exhibits environmental advantages such as 
less sensitivity to ambient light. Accordingly, special 
precautions to protect the chip from sunlight or other 
strong radiation sources are not necessary. Conven- 
tional EPROMs often require an opaque covering. 
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5. A bank of eight TMS2528 EPROMs can hold 1 28 kbytes of firmware, which formerly required 
expensive, bulky and slow disk or tape devices to handle. 
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LETS YOU CONTROL 
YOUR SOFTWARE 




tional unit, all draw power except the selected line. 
Thus, the power-supply and other substrate lines are 
less disturbed when the 2528 is brought out of the 
power-down mode. 

EPROM bank holds system firmware 

But that's not all. It's easy to put together a bank 
of 2528 EPROM memories that can hold a large 
amount of firmware. To do so formerly required 
bulky and expensive moving magnetic-media devices 
(discs, or tapes). A bank of eight 16-byte TMS2528s 
provides a formidable 128-kbyte of on-line software. 

Of the eight 2528 units in Fig. 5 wired with their 
address and data buses and CS terminals in parallel, 
only one 2528 in the bank is selected with a low-level 
logic signal to its pd/pTJM terminal selection is by 
signals designated PD through PD 7 in the figure, 
from a 74LS138 bank selected decode output. All 
nonselected 2528's (with pds high) remain in the low- 
power standby mode. The whole bank of eight 2528s 
is selected by a low logic signal to the parallel Cs 
terminals. 

Loaded from the system bus via terminals D 
through D 7 , a 74LS273 bank-select latch feeds a 
74LS138 bank-select decoder. The bank-select latch 
clears when it receives a system-reset signal to its 
reset terminal, and selects bank (PD ) when this 
occurs. 

A 7-segment display driver (the bank-select dis- 
play), connected to the four least-significant bits of 
the bank-select latch, provides a readout of the 
current bank value. 

Two 74LS244 chips provide buffers to interface the 
A to Au address inputs of the memory chips and 
the control lines, and 74LS242 bidirectional data-bus 
buffers interface the memory data lines Q to Q 8 . 
A 74LS138 decodes the high-level address-space (A [2 
to Ai 5 ) into 4-kbyte blocks. And a 74LS30 AND gate 
combines the 74LS183 block-selection outputs into 
a broad-enable (be) signal. Finally, another 74LS138 
selects the desired bank-select latch and other I/O 
functions in the system. 

When BE goes high, one of the system's EPROMs 
has been addressed. And BE combined with an R/W 
signal sets the proper data direction in the bidirec- 
tional data buffers. Responsible for system initiation 
and other control functions, two extra EPROMs— 
not part of the bank — occupy some of the input 
address space and are turned on by outputs from 
one of the 74LS138 decoders. □ 
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MODEL 2704 



FEATURES: 

• in circuit simulation of popular 2758, 
2716, 2732 and 2764 PROMS 

• programs popular 5 volt PROMS 

• RS422 / RS232 / 20mA, data loading 
capability 

• simulates up to four 2716's, two 2732's 
or one 2764 PROM's simultaneously 

Ease of operation and program manipulation, porta- 
bility and versatility will make the ROMAID PROM 
Programmer/Simulator the answer to your software 
debugging problems. 

The ROMAID PROM Programmer/Simulator lets you 
put downtime at a minimum when software problems 
arise. It features in-circuit emulations of the most pop- 
ular 1K, 2K, 4K and 8K X 8 PROM's and has full 8 digit 
hexidecimal display for address and data information. 

And we're saving the best till last. .. Price! ROMAID 
costs less than other PROM Programmer/Simulators 
on the market today. Let us tell you more about how this 
revolutionary software "debugger" can save you time 
and money. 



Write today to: 



COBPQRATION 



Micro Link Corporation 

624 S. Range Line Road 
Carmel, Indiana 46032 
Phone (317) 846-1721 
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CIRCLE 52 
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attenuators 

the world's lowest priced attenuators 3, 6, 10 or 20 dB 
from DC to 1500 MHz. . .hermetically sealed 

The AT Series from Mini-Circuits ^ 




1000 Quantity 
$3.95 (10-49) 



Check these features: 

V High stability; thick film construction 
in a hermetically sealed case 

V Rugged construction: Meets 
requirements of MIL STD 202 

V Miniature Size: 0.4" by 0.8" by 0.2" high 

V Flat frequency response: Typically ±0.3 dB 

V Excellent VSWR: typically less than 1.2:1 

V Low cost: $1.95 (1,000 quantity), 
$3.95(10-49) 

V Delivery: From stock 

DESIGNERS KIT AVAILABLE, K AT- 1 

4 attenuators of each type 

AT-3, AT-6, AT-10, AT-20 only $39.95 



shown with 
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Attenuation, 
dB Nominal 
Model Value 



Attenuation 
Tolerance 
from Nominal 



Frequency 
Range 
MHz 



Attenuation Change 
From Nominal Over 
Frequency Range, MHz 

DC-1000 1000-1500 



AT-3 3 

AT-6 6 

AT-10 10 

AT-20 20 



±0.2dB DC-1500 0.6dB 

±0.3dB DC-1500 0.6dB 

±0.3dB DC-1500 0.6dB 

±0.3dB DC-1500 0.6dB 




VSWR 

Max. Power 
Max. 

DC- 1000- 
1000 1500 



l.OdB 1.3:1 1.5:1 1W 

0.8dB 1.3:1 1.5:1 1W 

0.8dB 1.3:1 1.5:1 1W 

0.8dB 1.3:1 1.5:1 1W 




I 



Mini-Circuits 

A Division of Scientific Components Corporation 
World's largest manufacturer of Double Balanced Mixers 
2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200 
Domestic and International Telex 125460 International Telex 620156 



An innovative sense amplifier circuit and scaled-NMOS processing 
combine to produce a fast static RAM that conserves power. 



SMOS and circuit design 
speed up, power down static RAM 



Backed by high-speed scaled-NMOS (SMOS) 
technology, Texas Instruments' new static RAM, the 
TMS2149, boasts the top speed-power product 
performance of any currently available 1-k X 4 
device. The 2149 fits a growing number of applica- 
tions for fast SRAMs on the ever-changing computer- 
architecture scene. 

In addition to the contributions of processing, 
much of the chip's improved performance rests with 
an innovative circuit-design technique called column 
sensing. Here, a differential amplifier is allocated 
to each of the memory-array columns, and control 
logic selectively activates a specific amplifier to 
obtain data from the chip. The advantage of differen- 
tial amplifiers over conventional SRAM designs is 
that bit-line loading is reduced significantly. More- 
over, instead of relying on small, passive column and 
row gates, column sensing designs use active-mode 
amplifiers to achieve much greater drive capability 
than conventional memory devices (Fig. 1). 

As proof of the benefits of SMOS and column 
sensing, the 4-k device (1024 words X 4 bits) offers 
a worst-case access time 
from address inputs (t a (A)) 
of 35 ns, and an access time 
from chip select (t a (S)) of 
just 15 ns. Coupled with a 
worst-case power dissipa- 
tion of 660 mW, the 2149 
becomes one of the top con- 
tenders for high-speed 
memory systems such as 
cache, fast buffers, scratch- 
pad and writable control 

Cliff Rhodes, Branch Manager 
Static RAM Design 
Ray Pinkham, Section Manager 
Fast Static RAM Design 
Texas Instruments, Inc. 
400 Greenbriar Dr. 
Stafford, TX 77477 




store. On another front, trends in real-time-data- 
acquisition system development have created ap- 
plications for memory devices that operate at cycle- 
times below 70 ns. For the 2149, both read and write 
cycle times are specified at 35 ns. 

Until recently, SRAMs selected for so-called high- 
access-frequency, shallow-memory designs (cache, 
buffer, etc.) were invariably bipolar devices— Schott- 
ky TTL or emitter-coupled logic (ECL). But the 
emergence of SMOS gives memory-system designers 
several benefits over bipolar TTL devices. These 
include higher density— leading directly to reduced 
parts count — lower cost/bit and less power consump- 
tion. Even when compared with low-power CMOS, 
the 2149 offers system performance advantages. 

To conserve power, the 2149 again looks to circuit- 
design techniques, this time in the form of an 
internal self-power-down feature. Although conven- 
tional memory devices provide a chip-selectable 
power-down, the 2149 takes a portion of the X- 
address inputs and predecodes them to select one of 
four groups of 16 X-decoders. Essentially, three of 
the four groups are 
powered-down for any 
input-address condition. 
This translates directly to a 
75% reduction in X-decoder 
power dissipation. A similar 
technique is used on the 
write circuitry— the write 
« Jv circuits are not powered-up 
until the device receives the 
proper control signal. 

The 2149 seems certain to 
influence low-cost, low- 
package-count cache mem- 
ories. For example, in a 16- 
bit system, a relatively sim- 
ple but high-performance 2- 
kbyte cache memory can be 
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constructed with less than 25 ICs, and only seven 
of the packages are 2149s. This gives designers an 
important tool with which to maximize a computer 
system's cost/performance ratio. 

Another architectural trend, the writable-control 
store, consists of a high-speed SRAM array for 
storing microprogram instructions. The RAMs need 
fast access-times because microinstruction fetch 
operations are on the critical machine-speed path. 
What's more, control-store implementations usually 
have a long word width since one bit must directly 
control each of the computer's primitive operations. 
Control words of 99 or more bits are not uncommon 
in such systems. With its 35-ns access time and 1-k 
X 4 organization, the 2149 is ideal for small-to- 
medium-density writeable-control-store designs. 

Static, but not slow 

The TMS2149 is a completely static memory de- 
vice; it requires no clocks, no refresh and no timing 
strobes. Packaged in a high-density 18-pin plastic or 
ceramic DIP, the chip operates from a single 5-V 
supply and draws a maximum of 120 mA at 0°C. 
All inputs and outputs are compatible with Series 
74, 74S and 74LS TTL— no pull-up resistors are 
required. 

Ten address inputs select each of the 1024 4-bit 
words stored in the SRAM (Fig. 2). Address inputs 
must remain stable for the_duration of a write cycle. 
The chip-select terminal (S) is central to the 2149's 
overall operation. When S"is low (enabled), the chip 
is in an operational mode. In this condition, the data- 
in/data-out (DQ) pins serve either as data inputs or 
data outputs, _d_epending on the logic Jevel at the 
write-enable (W) terminal. And when S goes high, 
the chip is deselected; data-in is inhibited and data- 
out is in the floating or high-impedance state. 

Both the read and write_modes are selected via 
the write-enable pin. With S low, a high level on W 
selects the read mode and activates data-out on the 
DQ terminals. A low level on W selects the write 
mode and allows the DQ pins to accept input data. 
Data-inputs and data-outputs both have the same 
polarity. 

Figures 3a and b show the 2149's read-cycle timing 
from address-input (a) and from the arrival of a chip- 
select signal at the S terminal (b). In Figure 3a, the 
total read-cycle time — from one address to the 
following address (t c (rd)) — is a maximum of 35 ns 
in the top-of-the-line 2149-3. Other members of the 
series (-4, -5 and -7) have read-cycle times ranging 
from 45 to 70 ns. Also note that Fig. 3a shows valid 
data appearing on the output lines 35 ns after 
addresses are presented at the input terminals. The 
parameter t p VX indicates that data outputs from the 
previous address remain valid for 5 ns after a new 
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1 . Address inputs to the TMS21 49 come in on lines A„ through 
A 9 , while read and write data are handled through the DQ 
terminals. The main control pin is chip-select (S), which 
controls read and write operations, and internal functions. 
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2. A read-cycle timing diagram for the 21 49 shows that valid 
data are available 35 ns after addresses are valid (a), and 
only 15 ns from a chip select signal (b). The chip-select access 
time is the fastest among current 1 -k X 4 static RAMs, MOS 
or bipolar. 



Table. Performance parameters — fast SRAMs 




12149 


93415 (4) 


TMS2149 


Address access time (ns) 


45 


30 


35 


Chip select access time (ns) 


20 


20 


15 


l cc operating (mA) 


180 


520 


120 


Write pulse width (ns) 


25 


20 


20 


Write recovery time (ns) 





25 





Address set-up time (ns) 





5 





Write cycle time (ns) 


45 


50 


35 


Power-delay product (pJ) 


44.5k 


85.8k 


23.5k 



Note: Performance comparison of existing 1k x 4 static RAMs 
without power down. All values listed are worst case. 
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address is presented. 

The key feature in Fig. 3b is access time from chip 
select, or t a (S). At 15 ns in the -3 version, the 
specification is a maximum of just 30 ns in the -7 
device. This provides ample time for memory-system 
chip decoding without compromising access time. 

The parameter t p ZV(S) is a measure of the time 
to disable the outputs after a change in the chip- 
select level. This time is specified at a maximum of 
10 ns in the -3 and 15 ns in the -7. Access times 
are measured into a capacitive load of 30 pF and a 
resistive load consisting of a 480-12 pull-up resistor 
plus a 255-0 pull-down resistor. 

Column sensing — a new technique 

The most significant speed-power product im- 
provement over previous RAM designs results from 
the 2149's distributed-column sense-amplifier cir- 
cuit. In the scheme shown in Fig. 4, each of 64 
columns drives its own amplifier to activate the 
common data-out lines. 

A read operation is performed when the desired 
column is selected. Selection activates the amplifier, 
which then differentially drives the data line to the 
correct state. The writing technique is novel since 
the data-in lines control the gates of the bit-line pull- 
down transistors. When a column is selected, writing 
is accomplished by forcing one data-in line to V cc ; 



this pulls the bit-line to a low level. Simultaneously, 
the complement data-in line is held at a low level, 
allowing the complement bit line to be pulled towards 
V cc through the bit-line bias circuitry. 

The significant feature of this technique is that 
the bit-lines are completely isolated from any data- 
line loading. This increases the efficiency of the small 
memory-cell transistors when they drive the bit 
lines. Experimental results predict a 6-ns address- 
access-time improvement over conventional SRAMs 
using pass-transistor designs. 

Although separate data-in and data-out lines oc- 
cupy more interconnect area than the conventional 
common data-line approach, this disadvantage is 
offset by access-time improvement, particularly for 
read-after-write cycles. In other SRAMs, data lines 
must recover by as much as 3 V for a read-after- 
write of opposite data. The data-line voltage split 
with the column-amplifier circuit, however, is essen- 
tially constant for both the read and write cycles (See 
"Negative Bias Yields Positive Results"). 

Differential operation of column amplifiers offers 
several advantages. First, the circuit provides a 
precisely-controlled differential voltage gain. And 
the column-decode circuitry's dynamic requirements 
are reduced since just a single, small transistor is 
needed to activate the amplifier. Because the source 
terminal of this transistor is at ground potential, a 
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4. A row predecode logic circuit, controlled by the two most- 
significant address inputs, reduces row-decode power 
dissipation by 75%. 



3. The 21 49's distributed-column sense amplifier holds the 
key to the chip's high speed and improved writability. One 
amplifier connects to each column of cells. Each pair of data 
lines is common to 16 amplifiers, feeding one of four outputs. 
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column, as a result, a very-iow-power, unoullerea 
NOR gate is adequate for column selection. Indeed, 
the less the conductance of the column-select 
transistor, the greater the common-mode rejection 
provided by the amplifier. When this technique is 
coupled with the exclusive use of enhancement-type 
transistors, it adds to the stability of the design 
across a wide range of process variations. 

To achieve low-power operation, sufficient voltage 
gain, and ease of writing, the bit lines are pulled- 
up with depletion-load transistors. Moreover, to 
provide better operation in the saturation region, and 
to prevent leakage through unselected column 
amplifiers, the bit-line bias is held at least one 
enhancement-threshold-voltage-drop (V t ) below the 
minimum data-line voltage. A low bias on the bit 
line results from placing a common, saturated 
enhancement-load transistor between V cc and the 
bit-line depletion-load devices. Together, the series 
enhancement and depletion combination limit the 
bit-line current while maintaining efficient opera- 
tion of the column amplifier. 

Rather than opting for a conventional buffered 
NOR gate on the row decoders, TFs power-conversa- 
tion method allows only 16 of the 64 row decoders 
to be powered-up at any time. The activated group 
is selected by predecoding the two most-significant 
row-address inputs, as shown in the predecode logic 
diagram of Fig. 5. Each of the four predecode outputs 
controls the power to a group of 16 row decoders. 
This is accomplished with low-threshold enhance- 
ment transistors connected between V cc and each 
decoder's NOR gate. The row-decode circuit of Fig. 
6 illustrates the technique. Self-power-down 
methods such as this are used on the data input, 
write-control and predecode circuits. 

SRAMs, head-to-head 

The table, "Performance parameters — fast 
SRAMs" gives relative performance data for the 2149 
and its chief rival, the 12149. For comparison 
purposes, the table also provides data for a 1-k X 
4 bipolar SRAM. However, comparable TTL bipolar 
devices are available only as 1 k X 1, so four bipolar 
chips must be operated in parallel to equal a single 
1-k x 4 MOS RAM. Thus, the bipolar RAM data are 
for four 93415 devices. All comparisons are made 
without powering-down the chips, and data are 
worst-case. 

Speed-power product, or power -delay product, is 
considered the best overall figure-of-merit — the 
lower the figure, the better the device. At the bottom 
of the table, the TMS2149's power-delay product is 
about half that of its NMOS challenger, the 12149. 
And not only is the TMS chip far superior to bipolar 




5. In a row-decode circuit, signals Q x and Q x from the 
predecode circuit (Fig. 5) select one of four quadrants, while 
the other three are powered-down. 
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6. Curves of power dissipation (a)and power-delay product (b) 
vs duty cycle compare the TMS21 49 against competitive 
SRAMs. The 21 49 s strength occurs at high duty cycles, 
usually the primary operating modes of fast SRAMs used in 
cache, buffer and writable-control-store systems. 
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RAMs in power-delay product, it consumes far less 
power, occupies significantly less printed-circuit 
board area and writes faster. With its worst-case 
access time of 35 ns, the TMS 2149 beats the other 
MOS device by 10 ns, or about 25%. 

Although the TMS2149 contains an internal self- 
power-down feature, the device is not classified as 
a true power-down device like the 2148-type SRAM. 
Thus, it has speed and power advantages when 
applied in shallow-memory systems, or in systems 
in which the device duty cycle is greater than about 
40%. In fact, the TMS2149 speed-power product 
surpasses that of its lone CMOS rival, the HM6148, 
when the devices remain selected for the majority 
of the time. Figures 7a and b illustrate power 
dissipation and power-delay product vs duty cycle 



for the TMS2149 and the two primary powered-down 
MOS competitive devices. At a 60% duty cycle, the 
TMS device consumes no more power than the 
original 2148 device. However, the figure shows that 
the HM6148 maintains a power-dissipation edge, but 
because of its 55-ns access time, the CMOS chip gives 
way in speed-power product at a duty cycle of about 
92%. 

Even at the lowest duty cycles, the TMS chip offers 
advantages over power-down designs. As duty cycle 
is reduced, the average access-time approaches the 
chip-select access time, just as it does for the other 
NMOS devices. But the TMS2149 gains the upper 
hand since it can access from chip-select in only 15 
ns— three times faster than its nearest power-down 
rival. 



1 



Negative bias yields positive results 



For some time, MOS memory designers have con- 
sidered an on-chip substrate bias scheme to improve 
device performance. In dynamic RAMs, on-chip bias 
creates problems with the control of signal coupling 
through the substrate, particularly when the DRAM 
is clocked. Static RAMs, however, are an inherently 
heartier breed, and do not suffer from the signal- 
coupling syndrome. 

High-speed SRAMs like the TMS2149 operate un- 
clocked; thus large control-signal transients are of less 
concern than with DRAMs. While DRAMs can control 
noise with a grounded-substrate, SRAMs— by in- 
corporating an on-chip bias generator— take advan- 
tage of the performance enhancements made available 
through substrate bias (see schematic). 

A typical substrate bias generator consists of a ring 
oscillator serving as an input to a class-B push-pull 
amplifier. The amplifier output is coupled across a 
relatively large capacitor, C, shown in the schematic. 
MOS transistor T 1 functions as a diode-clamp to retard 
the coupling as the voltage rises across the push-pull. 

Node A is pumped down to a voltage between -3.5 
and -4.0 V on the negative or falling phase of the 
amplifier. Node A rises no higher than a single 
enhancement-transistor voltage drop (V t ) above 
ground on the rising or positive phase. The inherent 
filtering action of T 2 (also connected as a diode) plus 
the substrate capacitance maintains a relatively con- 
stant -2.5 V on the substrate. 

A memory device constructed with substrate bias- 
ing benefits in three ways: First, the negative poten- 




BC delay 



HH>^ 

Typi< 



Typical negative substrate bias generator 



tial reduces the junction capacitance between the 
active source and drain regions, which are doped as 
n+ and the p-type substrate. This leads to faster 
switching. Second, negative bias reduces the so-called 
back-gate body effect in all of the memory's 
transistors, but particularly in the pull-up transistors. 
This results from reducing the effective doping of the 
substrate by depleting acceptor ions from the im- 
planted channel regions. Reduced body effects im- 
prove the switching rise times of the pull-up 
transistors— otherwise, operation slows because of a 
gradual increase in threshold voltage as the potential 
between source and substrate grows more positive. 

Finally, an unregulated bias generator typically 
pumps to a more negative voltage as V cc rises. This 
occurs because more voltage is available across the 
capacitor. A higher bias voltage tends to compensate 
for the added operating current that flows at a higher 
supply-voltage, since the threshold voltage of all 
transistors is increased. This reduces the rate of 
change of current with supply voltage. 
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7. Normalized curves of access-time (a) and power-delay 
product (b) Illustrate the significant advantages offered by 
the 21 49 regardless of duty cycle. 
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8. Current surges complicate the operation of conventional 
power-down SRAMs during select transitions. This 
oscilloscope photo shows how the current surge affects the 
output data. 



The curves of Figs. 8a and b show normalized 
access time and normalized power-delay product as 
a function of duty cycle. The normalized average 
access time, T norm , is given by, 

T norm = duty X T aad9 + (1 - duty) X T acs , 
where duty is the duty cycle, 

T aad8 is the address access-time and 
T acs is the chip-select access-time. 

The normalized access-time analysis indicates that 
the TMS device has a decided advantage over the 
others. In terms of power-delay product, the TMS 
loses slightly to NMOS chips at very low duty cycles, 
but gains strongly as the duty cycle increases. Note 
that at a duty cycle of about 80%, the TMS chip even 
overtakes the HM6148. 

The system-level picture 

As a system component, the TMS2149 requires less 
cooling than competitive devices since it can run at 
% the power of an 12149, and at l A the power of four 
bipolar 93415s. And compared with the bipolar chips, 
the 2149 occupies just l A the board space. 

Another factor favoring the TMS2149 is that it 
does not rely on the extensive use of ceramic 
capacitors to eliminate heavy surge currents — 
because of its self-power-down design, such surges 
are virtually non-existent. On the other hand, power- 
down devices experience large surges when the chip- 
select terminals are pulled down. The significance 
of the nose problem is shown in Fig. 9. The current 
and voltage spikes for a powered-down 4-k SRAM 
show how the surge is conducted to the chip's output. 

Because of its simpler semiconductor processing 
and smaller die area, the TMS2149 gains a cost 
advantage over CMOS memory devices. The average 
unit price depends primarily on yield— the number 
of good die per wafer divided by the total number 
of chips per wafer. For planning purposes, yield can 
be expressed empirically as, 

Yield = 1/(1 + AD) Nc X 100%, where 

A is the die area, 

D is the process defect density, and 
N c is the number of critical mask levels. 
The equation shows that yield increases exponen- 
tially as the number of critical mask levels is reduced. 
Since SMOS technology typically uses two fewer 
critical mask levels than comparable CMOS pro- 
cesses, manufacturing cost per die is much less. 
Thus, system designers can expect to pay a 25% 
premium for CMOS over SMOS devices. □ 
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Right up front- 
the most useful 
panel ever built 
into a portable 
tape recorder/ 
reproducer. 

And only on 
our Model 101 . 



Ana one uimy uiai acio u upuu 
the Model 101's control panel. 

Behind the panel is the onboard 
ix processor with calibration equip- 
ment built right in. 




Other controls bring into play 
programmable, automatic tape 
management and data handling 
features such as selective track 
recording, shuttle and transport 
sequencing and preamble. 

For remote operation, there's a 
choice of three popular interfaces: 
RS-232C, RS-449, or IEEE-488. 
Other features of the Model 101 
include long-life solid ferrite 
heads; eight tape speeds from 
15/16 to 120 ips; up to 28 data 
channels; and 15" reel capacity 
for up to 32 hours of recording. 

Compare the Model 101 with 
your present tape system and see 
what a difference our panel and 
microprocessor control make. For 
details, call Darrell Petersen, 
(303) 773-4835 or write: Honey- 
well Test Instruments Division, 
Box 5227, Denver, CO 80217. 

WE'LL SHOW YOU 
A BETTER WAY. 
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CMOS picks up speed. 



The RCA 1802, fastest- 
selling CMOS micropro- 
cessor in history, is now 
30 percent faster. 

In 1980 alone, we shipped more 
than a million 1802 CMOS Micropro- 
cessors. But we think our new 1 802A 
will be even more popular. 

Here's why: 

The 1802A is faster. 3.2 MHz @ 5V, 
compared to 2.5 MHz for the 1802. 
And it costs only $3.98* 



It's volume-proven for reliability, so 
there's minimal user risk. 

And it's available for immediate 
delivery in volume. 

This new CMOS microprocessor 
is ideal for applications where porta- 
ble operation, noise immunity, orwide 
temperature range operation (-40° C 
to +85° C) is important. 

And it's supported by one of the 
most comprehensive lines of CMOS 
support devices in the industry, 
including l/Os, RAMs and ROMs. 
High-level programming languages 



include BASIC 1, 2 and 3, Micro 
Concurrent PASCAL, PLM-1800 and 
a Macro Assembler. Plus, a full 
line of Microboards and develop- 
ment systems. 

For you, this means ease of system 
development and flexibility. 

So, if you're looking for a proven, 
reliable, high-speed, low-costCMOS 
microprocessor, look no further. The 
1802A is here. 

For more information, contact any 
RCA Solid State sales office or 
appointed distributor. 



'Optional U.S. distributor resale. 1000+ price. 



RCA Solid State headquarters: Somerville. NJ. Brussels. Sao Paulo. Hong Kong. 





A track-following drive with speedy access makes floppy-disk technology 
more than an alternative to Winchester for small-system storage. 



High-density floppy drive 
suits small-system storage 



Even as Winchester technology has been promis- 
ing to fulfill on-line storage requirements for big and 
small systems alike, floppy-disk technology has been 
quietly increasing its capacities. Now a high-capacity 
floppy-disk drive featuring a true track-following 
servo threatens to steal Winchester thunder in the 
small-system area. With 8.4 Mbytes of storage 
already, the Model 899 presents a dilemma to small- 
system designers who thought lower-capacity 
Winchester disks were the only choice. But a closer 
evaluation of the performance, capacity, and posi- 
tioning accuracy of the floppy should clear that up. 

The key innovation in the 899 is the track-following 
servo (see "The Track-following Servo")— a first in 
floppy drives — which expands track density from 96 
tracks/in. to 150 tracks/in. But several other im- 
pressive features should also help make up the 
designer's mind: 

■ Two diskettes— each having a dual head— within 
the standard-size floppy-drive housing stretch 
storage capacity. 

■ A voice-coil positioner, used on all PerSci floppy- 
disk drives, improves full- 

stroke seek times. 

■ Microprocessor control 
reduces chip count and op- 
timizes track-to-track 
speeds. 

■ Standard media, in the 
form of diskettes, cut costs 
— a major advantage over 
drives that require special 
media. 

■ Read compensation op- 



Kaamel Kermaani, 

Project Manager 
PerSci, Inc. 
12210 Nebraska Ave., 
Angeles, CA 90025 



West Los 




timizes the compensation for each track. 

Depending on his application, a system designer 
faces a number of choices to get 7 Mbytes of on-line 
storage: 78 single-sided, single-density minifloppies, 
24 single-sided, single-density, 8-in. drives; six 
double-sided, double-density, 8-in. drives; one 
Winchester disk with tape or floppy backup; or one 
Model 899 (or two 899 drives for 15 Mbytes of 
removable storage). If a system requires the high 
transfer rate and fast random access of hard-disk 
drives, which are the result of fast rotational speed, 
then the obvious selection will be a Winchester. 
However, in most other systems, the Model 899 will 
be the most economical and convenient choice. 
Furthermore, the 899 offers faster random access 
than most stepper-motor-driven hard-disk drives. 
The reason? Track following. 

One critical factor in accomplishing track follow- 
ing is the use of voice-coil positioning (Fig. 1). While 
the voice coil costs more than a stepper, it eventually 
pays back in speed and positioning accuracy. 
The accuracy of the head-positioning mechanism 

using the voice coil stems 

from the closed-loop feed- 
back, which has been re- 
ferenced to a window on a 
glass corresponding to the 
track and has been corrected 
for each sector by means of 
positioning information 
« v from the diskette. By con- 
M^V trast, a stepper-motor 
system is mechanically re- 
ferenced. Although head 
replacement may be quite 
accurate when the drive is 
delivered, this accuracy 
could degrade over time. 

The speed benefits of 
voice-coil positioning were 
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well established before its new-found importance in 
track following. Take full-stroke seek. 

In the Model 899, 230 tracks must be traversed. 
The fastest available stepper-motor positioned flop- 
py disk can run no faster than 3 ms track-to-track. 
With the stepper, by nature, moving one step at a 
time, the fastest full-stroke seek possible on 230 
tracks— assuming this density is possible with a 
stepper— would be 690 ms plus settling time. The 
voice-coil positioner, moving from one track to 
another without stopping on intermediate tracks, 
performs a full-stroke seek in 90 ms. 

On single-track, the total speed of the voice-coil 
positioner has somewhat less impact. (It's like saying 
a Porsche goes ten feet just a little faster than a 
Volkswagen.) But in all cases, the track-following 
scheme makes full use of the fast positioning and 
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1 . The track-following servo of the Model 899 floppy-disk 
drive consists of an optical servo and a microprocessor that 
switches the loop filters and provides some inputs to the 
servo loop. 



accuracy of the voice coil. If the head is off-track, 
it can be repositioned to the center of the track by 
applying the amount of correction necessary to the 
feedback loop. A stepper-motor positioner might 
have to move three or four steps to reposition, which 
makes repositioning very difficult , if not impossible. 

System integration improves, too 

The use of the voice coil does necessitate certain 
unique system integration requirements. Since the 
controller can send the stepping pulses to the drive 
as fast as every 200 us, all the stepping pulses are 
issued in 5 ms or less. For a long seek, for example, 
it might take 90 ms for the seek to be completed. 
In addition, there would be an 85-ms delay between 
the last stepping pulse and the point at which the 
head has reached the destination track. 

For shorter times, this time is shorter. In order 
to take full advantage of the fast positioning, some 
sort of handshaking should be provided to inform 
the controller that the seek has been completed. 
PerSci uses a special line to the interface called 
Seek Complete. However, most disk operating 
systems (DOSs) are not written with a check for a 
seek complete, and have to be slightly modified to 
accommodate this requirement. And even though the 
899 updates its internal track-parameter tables 
(which predict the location of the tracks for seeks) 
on a continuous basis, sometimes (albeit rarely) the 
entire table must be recalibrated. 

To make this recalibration transparent to the user, 
it is usually done within the seek timing interval. 
This might increase the time for that seek to over 
two seconds, which makes the monitoring of the 
Seek-Complete line essential. 

The tables are recalibrated on each restore or after 
a new diskette is inserted, and are updated on each 
sector pulse. Barring a restore or diskette change, 
recalibration will be needed only under ex- 
traordinary circumstances, like an extreme change 
in humidity or temperature. 

Benefits and special considerations alike accrue 
from the 899's dual-drive configuration. For sure, 
reading and writing data on both sides of two 
diskettes in the same drive with shared electronics 
allows more data to be packed into less space at a 
lower cost. Because of its packaging design, the 899 
can store 8.4 Mbytes of data in a standard-size floppy 
slot— twice that of one diskette. At the same time, 
this dual-drive configuration changes some system- 
integration requirements. 

For one thing, the 899's multiple heads move in 
tandem— if the disk controller treats the two 
spindles as two separate drives with separate heads, 
the system will appear to receive seek errors. (This 
is a consideration with all dual-head floppies.) The 



188 Electronic Design • September 30, 1981 



problem can be overcome by altering the DOS. Or, 
a controller can be designed to store the position of 
the head not selected and reposition the head when 
it is selected. Even after this is done, however, the 
DOS may still require changing to take care of 
possible timing problems. 

Off-track considerations 

Additional consideration is required in the con- 
troller because of the track following of the 899. Since 
all four heads are referenced entirely to the diskettes, 
the heads may be off -track with respect to each other. 
Although this positioning is automatically corrected 
by the embedded servo system, the controller must 
be equipped to wait for a delay when a drive is 



selected. 

Back on the positive side, much of the credit for 
allowing the drive to be packaged in a standard-sized 
housing goes to the internal microprocessor, the 
main reason for a reduction in chip count. Among 
its functions, the 4-MHz Z80— along with 4 kbytes 
of ROM, 1 kbyte of RAM, and 30 lines of I/O— drives 
a 7-bit d-a converter and a 5-bit a-d converter (Fig. 
2). It interfaces directly with the STEP, DIR. and 
RESTORE lines, and reports drive status to the con- 
troller, including READY, TROT5, and SEEK COMP. 

The processor's primary function, however, is to 
control servo activity— predicting track location and 
correcting head position— thus yielding the fastest 
possible seek time. (The table of optimum velocity 



The track-following servo 



The optical servo in the Model 
899 floppy-disk drive consists of an 
optical scale, a mask, a lamp, 
amplifiers, a differentiator, two 
loop filters, a voice-coil driver, a 
voice coil, and the microprocessor. 
The processor switches the loops 
and provides some inputs to the 
servo loop. 

The scale, which is attached to 
the head carriage, has a mask on 
one side and a lamp on the other 
(Fig. a). The mask and lamp are 
both attached to the drive. There 
are six windows on the mask and 
behind each window is a photocell. 
The photocells are paired. 

The position of the scale relative 
to the mask generates the position- 
related output signals at the 
photocells (Fig. b). Signals a and 
c are used for fine positioning, 
while signal b is differentiated and 
used for velocity control. All the 
cross-points of the a and c signals 
and the zero-volt line are at the 
center of the optical tracks. 

A detent pulse, generated at 
each of these points, is sent to the 
microprocessor to signal how 
many tracks the head has moved. 
To move from one track to 
another, the microprocessor puts 









s 


i 






the velocity loop "in" and the posi- 
tion loop "out." It then outputs a 
velocity value through a d-a con- 
verter to the servo and counts the 
detent pulses. 

The microprocessor increases 
the velocity as it receives the step- 
ping pulses from the controller 
and decreases the velocity as it 
receives the detent pulses until the 
head is positioned on the required 
track, after which the processor 



(a) 




b (b) 



Position of scale 
(or head) 



switches the loop to "position." 
The loop holds the head on the 
center of the track and removes 
the velocity value from the input 
of the loop. In the hold mode, the 
position of the head is changed by 
outputting a position value into 
the loop. This procedure is used for 
positioning the head over the 
center of the track during track 
following. Preformatted disks are 
normally used. 
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values is stored in ROM.) 

Track following enables the use of standard media 
on the 150-track/in. drive with no more environmen- 
tal consideration than with standard floppies. This 
is fortunate because cost considerations regarding 
higher-density floppies make it paramount that the 
new drives use standard, flexible-disk media. Not 
only do special media greatly escalate costs but high- 
performance diskettes have been slow in coming. The 
best solution is the standard diskette. 

Preformatted diskettes 

The diskettes used to implement track following 
in the 899 are Preformatted with servo information 
(Fig. 3). Each track is divided into 32 sectors, which 
are preceded by a servo field. The servo field, which 
contains sector or index pulses and positional in- 
formation, consists of two side-by-side servo tracks, 
each further divided into two subfields. 

In subfield 1, which contains sector pulses or index 
pulses, transitions on both tracks happen at the same 
time. When the head is passing over this servo field, 
the transitions look like regular data in all respects 
(Fig. 4) except that the timing between transitions 
is longer by a factor of 10 to 20. A timing filter is 
used to differentiate these transitions from data. 
Different codes are recorded in this field for sector 
pulses, index pulses, track 00, and the innermost 



track, track 230. 

In subfield 2, there are two transitions, or one per 
servo track. The transitions occur at different times. 
Depending upon the position of the head, the cor- 
responding read-back signal from one of these transi- 
tions might be stronger than the other (Fig. 5). The 
difference in the amplitude of these two signals 
indicates how far off track center the head is posi- 
tioned. 

These two signals are further separated by a 
timing filter, and the difference is sent to the 
microprocessor through the a-d converter. Accord- 
ingly, the micoprocessor corrects the position of the 
head through the d-a converter. If required, the 
microprocessor can also correct its reference tables. 
The head stays in its new position for the sector and 
is corrected again on the next sector and the next, 
and so on. 

Because the amount of correction from one sector 
to another is relatively small, the a-d converter is 
a 5-bit device, while the d-a converter is a 7-bit device. 
They have been scaled so that their resolution is the 
same. 

Data recovery is handled by read compensation, 
not by the more familiar write precompensation. 
Both types of compensation are intended to correct 
for distortion that occurs when data are recorded to 
maximum capacity on the diskette's inner tracks. 
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2. Put together voice-coil positioning, a track-following servo, and a dual-head/dual-drive configuration, 
and one result is high-density floppy-disk recording. 
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3. Track following is implemented using disks preformatted 
with servo information. The servo field consists of two side- 
by-side servo tracks and two subfields. 
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4. When the recording head is passing over the 
servo field in subfield 1 , the transitions look like 
normal data, except for the timing between 
transitions by a factor of 1 to 20. 
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5. Depending on the position of the head in subfield 2, the corresponding read-back signal from one or two 
transitions might be stronger than the other. 



Because the flux reversal corresponding to one bit 
cell at the inner track is very close to the next bit 
cell, they interact. This interaction may cause a shift 
of position on one or both bits. Read-back signals 
have a lower amplitude in areas were the transitions 
are close together. Write precompensation will cause 
the data to be distorted before being recorded on the 
disk in such a way that the data will be compensated 
for by distortion caused by the head and media. 
Unfortunately, the amount of distortion is different 
from track to track. This precompensation function 
is done in most systems by the disk controller. In 
order to avoid complexity, nearly all controllers are 
designed to divide the diskette into two areas— the 
inside tracks and outside tracks. Each area has 
different amounts of compensation for each portion. 
Usually, no compensation is used for outside tracks 
and some compensation for inside tracks. This 
becomes a compromise between cost and 
performance. 

With read compensation, a linear-phase amplifier 
with proper frequency response is added to the read 
amplifier. The gain of the compensating amplifier 
is controlled by the track number so the amount of 
compensation can be optimized for each track, which 
means very reliable data recovery. However, this 
technique cannot improve the signal-to-noise ratios. 
Only the frequency response is improved without 
destroying the phase response. 

The read circuit of the 899 has also been designed 
to allow longer periods of no flux transitions than 



is possible with standard floppies. The traditional 
data recovery normally consists of a differentiator 
and a zero-crossing detector, which will ideally detect 
all the peaks. If there are some flat areas in the 
signal, or data, however — resulting from having no 
flux reversal for greater than 5-jts periods — then 
these areas will be adversely detected as transitions. 

FM, MFM, and M 2 FM codes, which are widely used 
in floppy drives, all meet the common data-recovery 
timing requirements. Since more efficient codes do 
not have such frequent flux transitions, they cannot 
be used on standard drives. The 899 incorporates a 
level detector in the data-recovery circuit to differen- 
tiate between real and false transitions. As a result, 
the system designer can choose the code best fitting 
his application. 

Formatting and interfacing 

The interface for the 899 has characteristics 
similar to PerSci's Model 299B 3.2-Mbyte floppy 
drive and Model 699 6.4-Mbyte floppy drive. This 
commonality allows a single controller to be de- 
veloped for controlling all three drives. The few 
notable differences bare in the interface of the track- 
following drive. For example, the double-sided signal 
has been eliminated: Because there are no single- 
sided 150- track/in. drives, there is no need for 
compatibility. What's more, floppy-disk signals 
Separated Data, Separated Clock, and Sync are not 
on the interface. 

Data separation is left entirely to the controller. 
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Even more significant, the 899 offers about 5 ms for 
each sector. This is very short compared with the 
IBM format. With each track divided into 32 sectors 
by servo fields, the maximum formatted capacity is 
231 tracks X 32 sectors X 128 bytes = 0.95 Mbyte 
per side or 1.9 Mbyte/side for 256-byte sectors. For 
256-byte sectors, a more efficient double-density code 
should be used. For 128-byte sectors, single or double- 
density codes can be used. Of the three options, only 
the 128-byte sector double-density doesn't require 
specific restrictions on timing. 

To fit 128 bytes of single-density data or 256 bytes 
of double-density data into a sector that is 1/32 of 
the track length, the amount of overhead must be 
less than it would be with the IBM format. With 32 
sectors per track and 231 tracks per side, there is 
simply no need to maintain IBM format— there is 
no compatibility. 

In one proposed format, the address field is re- 
duced to track number and sector number. Sectors 
are numbered from to 63 with sectors from 32 to 
63 on side 2. Bit 5 of the sector number becomes the 
side number. The address field is preceded by 12 
bytes of ZEROs for double density or six for single 
density followed by 1A1 and 1FE. 

This is followed by 2 CRC bytes, 18 bytes of ZEROs 
or 9 for single density, then Al, FB, 256 bytes of 
data, and 2 CRC bytes. This creates a total of 296 
bytes per sector for double-density recording (see 
table). 

This format should be repeated for each sector. 
There is no index mark. The read function can be 
performed in the same way as a 48-track/in. drive 
and all servo information and sector pulses can be 
ignored by the controller. 

Because most existing floppy-disk controller chips 
are built to implement the IBM format, they cannot 
take advantage of the performance characteristics 
of this high-density drive. Since the TI9909 controller 
chips give the designer more freedom to select his 
own format, this chip could be used to control the 
899 drive with the seek function outside the chip, 
thus taking full advantage of the voice-coil speed. 
And to be able to monitor the Seek Complete line, 
the seek function should be performed outside the 
chip. Also, PerSci offers controllers for the S100, 
Multibus, and Q bus. 

The upshot for the design engineer has been a 
major increase in the importance of the floppy disk 
drive. □ 
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We make a case for it. 



There are times when a 3 Vi -digit 
multimeter just can't cut it. When you 
really need resolving power, you need 
a 4V2-DMM. For example, if you're 
measuring a 15VDC supply, you can 
see every millivolt of change on a 
4V2-digit instrument. But a 3Vz won't 
show a change of less than 10 
millivolts. 

And now Data Precision, the com- 
pany that has produced more 
4V2-digit multimeters than anyone 
else, gives you a choice of two new 
portable instruments ... in two dif- 
ferent case designs. 

The Model 945 packages the resolu- 
tion of a full-function 4V2 into a con- 
venient calculator-style case. With 
simple one-hand operation, 100 hours 
disposable battery life, and the high- 
contrast LCD readout, the 945 is an 
unbeatable instrument for the field. 



In fact we make 
two cases! 



Model 255 

The Model 255 does double duty. 
It is a portable instrument, operating 
100 hours in the field on rechargeable 
NiCad batteries. Plus its AC line 
operation, additional accuracy and 
front-panel configuration give you the 
added performance of a 
lab oratory /bench instrument. 



So whether you need a dedicated 
field 4V2-DMM or a versatile por- 
table/bench instrument, only Data 
Precision gives you a choice. 

For immediate delivery, demon- 
stration, or instrumentation catalog, 
just contact your local Data Precision 
distributor or call: 
(800) 343-8150 

(800) 892-0528 in Massachusetts. 

Maintaining the 
Integrity of 
Measurement. 



Model 


Accuracy 


ACV 


DCV 


Current 


Ohms 


Price 


945 


± 05°'= 


1 1 0fiV - 1000V 


[ 1 0/iV - 700V 


10nA - 2A 


10m0 • 20Mfi 


$265 


255 


± .03 ! ■ 


I "IO71V - 1000V 


prvv - 500V 


10nA - 2A 


100m0 - 20Mfi 


$295 



r\ 1 



Prices USA 



DATA PRECISION 

DIVISION OF ANALOGIC CORPORATION 



Data Precision Division of Analogic Corporation, Electronics Avenue, Danvers, MA 01923, (617) 246-1600, TELEX (0650) 921819. 
CIRCLE 57 FOR ADDITIONAL INFORMATION 



A new error-correction chip with dual-bus architecture interfaces 
easily with dynamic RAMs. Memory-system reliability soars and the 
additional parts count is relatively modest. 



Keep memory design simple 
yet cull single-bit errors 



In memory-system design, the demand for greater 
reliability is reflected by an increasing interest in 
error-detection and correction circuitry. Several 
semiconductor manufacturers have recently in- 
troduced error-detection and correction chips. They 
share a common architecture that features a 
multiplexed data bus. But the Intel 8206 error- 
detection and correction unit (EDCU) is different: 
This LSI device, fabricated in HMOS II, allows error 
correction to be added to memory systems with 
minimal overhead. 

A single 8206 handles 8 or 16-bit data widths, and 
up to five 8206's can be cascaded to handle all 
multiples of eight bits (up to 80 bits). The 8206 
corrects single-bit errors in a maximum of 65 ns for 
16-bit systems and typically replaces 20 to 40 ICs, 
depending upon the number of features in the 
system. 

Common error detection circuits simply recognize 
that data has a parity error. Correction circuits use 
the Hamming code as an extension of parity to detect 
and give the position of the error, allowing it to be 
corrected. 

Single-bit correction and 
multiple-bit detection is the 
typical implementation, re- 
flecting the tradeoff be- 
tween the probability of er- 
rors in a system and the cost 
of additional memory. For a 
16-bit system, single-bit er- 
ror correction and double- 
bit error detection is im- 



M. Bazes, Design Engineer 
L. Farrell, Marketing Manager 
B. May, Applications Engineer 
M. Mebel, Design Engineer 
Intel Corp., 3065 Bowers Ave. 
Santa Clara, CA 95051 




plemented by using 6 additional check bits, for an 
overhead of 37% (Table 1). Adding single-bit error 
correction to a system improves system reliability 
by at least a factor of 24 (Table 2). 

Error correction is used extensively in mainframe 
and minicomputer design where memory sizes of 
several megabytes are common. Here the probability 
of error is directly related to the error rate of the 
individual RAMs and the number of RAMs in the 
system. As the number of RAMs increases, so does 
the system error rate. 

With today's microprocessors, like the Intel eight- 
bit iAPX 88 and 16-bit iAPX 86 (each can directly 
address 1 Mbyte), typical RAM memory sizes are 100 
kbytes and climbing. As a result, microprocessor 
system designers are looking to add error correction 
as simply as possible. 

New bus architecture 

The 8206 is the first 16-bit EDCU to use separate 
input and output data buses, a feature that simplifies 
system design, saves board space, and reduces parts 
count. The new architecture 
is made possible by packag- 
ing the 8206 in a JEDEC 
type A 68-pin leadless chip 
carrier. Figure 1 shows the 
8206's functional blocks. 

During read cycles, data 
and check bits enter via the 
A B data input (Dl) and check-bit 
\S input (CBI) pins, where they 
are optionally latched by 
the STB input. The data then 
take two parallel paths. The 
first path is to the data- 
output (DO/WDI) pins, where 
the uncorrected data are 
available 32 ns later. The 
second path is to the check- 
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bit generator, where check bits generated from the 
data are compared with the check bits read from the 
memory. 

The result of the comparison is the syndrome, a 
5-to-8-bit value identifying which bit (if any) was in 
error. The syndrome is then decoded to a l-of-16 bit 
strobe which is used to "flip" the bit in error 
(assuming the CRCT input is active). Syndrome decod- 
ing also tells the 8206 whether to assert the error 
flags. The 16 data output pins are enabled on a byte 
basis by the BM inputs. 

For write cycles, data enter the write data input 
(DO/WDI) pins and goes to the check-bit generator. 
The check bits are then written to the check-bit 
memory by the check-bit output (SYO/CBO/PPO) pins. 
These pins also output the syndrome bits during read 
or read-modify-write cycles. 

Note that only the 8206's R/W pin is typically used 
for control during a memory cycle. This pin informs 
the 8206 whether the cycle is a read (generate new 
check bits and compare to those from memory) or 
a write (generate new check bits only). During a read- 
modify-write cycle, a falling edge of R/w tells the 
8206 to latch the syndrome bits internally and output 
check bits to be written back into memory. The strobe 
input (STB) may optionally be used to latch data and 
check bits internally. 

The 8206's dual-bus architecture saves the addi- 
tional control lines and the sequencing logic required 



Table 1. Check bits required for single-bit 
correction, multiple-bit detection. 
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Overhead % 
bits) 


8 


5 


62 


16 


6 


37 


32 


7 


22 


64 


8 


12 


80 


8 


10 



Table 2. Single-bit error correction increases 
memory reliability a minimum of 24 times. 


"Memory size 


MTBF 
(no error 
correction) 


MTBF 
(single-bit error 
correction) 


MTBF 
improvement 
ratios 


32 kbytes 


5.6 Years 


133.6 Years 


24 


64 " 


2.7 " 


75.1 * 


28 


128 " 


1.4 " 


40.5 " 


29 


5 Mbytes 


16 Days 


10.8 " 


246 


8 " 


8 " 


6.1 " 


278 


16 " 


4 " 


3.3 " 


301 



"Based on a 16 kbit dynamic RAM with a failure rate of 0.1 27% every 1000 hours 
Note: MTBF, though related to memory size, also depends on memory organization (e.g. word 
width, number of pages) that is not detailed in this table. 




1 . The 8206's two 1 6-bit data buses, one for data from the RAM (Dl . 15 ) and one for data to the system bus 
(DO . 15 ), minimize the external control logic required. 



196 Electronic Design • September 30, 1981 




by single-bus EDCUs. The principal advantages of 
dual-bus architecture can be illustrated by looking 
at the three types of memory cycles: reads, writes, 
and read-modify-writes. 

In a read cycle (Fig. 2), data and check bits are 
received from the RAM outputs by the DI and CBI 
pins. New check bits are generated from the data 
bits and compared to the check bits read from the 
RAM. An error in either the data or the check bits 
read from memory means the generated check bits 
will not match the read check bits. If an error is 
detected, the ERROR flag is activated and the correct- 
able error (CE) flag tells the system if the error is 
(or is not) correctable. 

With the BM inputs high, the corrected word 
appears at the DO pins (if the error was correctable), 
or the unmodified word appears (if the error was 
uncorrectable). Note that for this correction cycle 
there is no control or timing logic required. The 8206's 
dual buses isolate the RAM outputs from the EDCU 
outputs. Special transceivers that prevent contention 
between the uncorrected RAM data and corrected 
EDCU data are not needed. 

A syndrome word, five to eight bits in length and 
containing all necessary information about the ex- 
istence and location of an error, is provided at the 
syndrome output (SYO/CBO/PPO) pins. Error logging 
is accomplished by latching the syndrome and the 
memory address of the word in error. The syndrome 
decoding of Table 3 can be used as a table lookup 
by the CPU. 

If an error is detected during a read, the read cycle 
is extended to a read-modify-write cycle where the 
corrected data is rewritten to the same location. This 
offers several advantages: 

■ Since soft errors are random, independent pro- 
cesses, the longer a soft error is allowed to remain 
in memory, the greater the probability that a second 
soft error will occur in the memory word, resulting 
in an uncorrectable double-bit error. By writing the 
correct data back to RAM, the mean "lifetime" of 
soft errors is reduced, greatly reducing the chance 
of double-bit errors, and increasing reliability. 

■ "Error scrubbing" (going through the entire 
memory and correcting any soft errors) may be done 
as a background software task. For instance, the 8086 
microprocessor's load string (LODS) instruction can 
consecutively read all addresses in RAM. Any soft 
errors will be corrected. Scrubbing further increases 
system reliability. 

■ Error logging may be used to detect hard errors. 
(A soft error is seen once when the affected word 
is read and is then corrected, while a hard error is 
seen again and again.) An error logger shows a 
consistent pattern if a hard error is present in a 
particular word. A system may be configured to 



2. The 8206 requires no control logic or timing inputs to 
perform read-with-correction cycles. 



generate an interrupt when the 8206 detects an error. 

This last advantage allows the operating system 
to re-read the address where the error occurred. If 
the same error re-occurs, it is assumed to be a hard 
error, and while the system can continue to function, 
maintenance is indicated. The operating system may 
mark that page of memory as "bad" until its PC card 
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3. The 8206 can correct both data bits and check bits. 
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has been serviced. Alternatively, the memory system 
may reconfigure itself and map the bit where the 
hard error occurred to a spare dynamic RAM 
whenever the affected memory page is accessed. 

When a correctable error occurs during a read 
cycle (Fig. 3), the system's dynamic RAM controller 
(or CPU) examines the 8206 ERROR and CE outputs 
to determine if a correctable error occurred. If it did, 
the dynamic RAM controller (or CPU) forces R/w 
low, telling the 8206 to latch the generated syndrome 
and drive the corrected check bits onto the 
SYO/CBO/PPO outputs. The corrected data is already 
available on the DO/WDI pins. The dynamic RAM 
controller then writes the corrected data and check 
bits into memory. Once again the 8206's dual buses 
allow this cycle to be implemented without special 
bus transceivers. 

The 8206 may be used to perform read-modify- 
writes in one or two RAM cycles. If it is done in two 
cycles, the 8206 latches are used to hold the data and 
check bits from the read cycle to be used in the 
immediately following write cycle. 

Write cycle corrections 

For a full-word write (Fig. 4) where an entire word 
is written to memory, data are written directly to 
the RAM. This same data enter the 8206 through the 
DO/WDI pins where five to eight check bits are 
generated. The check bits are then sent to the RAM 
through the SYO/CBO/PPO pins for storage along with 
the data word. 

A byte write (Fig. 5) is implemented as a read- 
modify-write cycle. Since the Hamming code works 
only on entire words, to write one byte of the word, 
it is necessary to read the entire word to be modified, 
perform error correction, merge the new byte into 
the old word inside the 8206, generate check bits for 
the new word, and write the whole word plus check 
bits into RAM. 

Error correction on the old word is important. 
Suppose a bit error occurs in the half of the old word 
that was not changed. This old byte would be 
combined with the new byte, and check bits would 
be generated for the whole word, including the bit 
in error. The bit error now becomes "legitimate"; no 
error will be detected when this word is read, and 
the system may crash. Obviously, it is important to 
eliminate this bit error before new check bits are 
generated. 

The 8206 may alternatively be used in a "check- 
only" mode with the correct (CRCT) pin left inactive. 
With the correction facility turned off, the delay of 
generating and decoding the syndromes is avoided, 
and the propagation delay from memory outputs to 
8206 outputs is significantly shortened. In the event 
of an error, the 8206 activates the ERROR flag to the 



CPU or dynamic RAM controller, which can then per- 
form one of several optins: lengthen the current cycle 
for correction, restart the instruction, perform a 
diagnostic routine, or activate the CRCT input to 
enable error correction. Even with the CRCT pin 



5. The "new data" byte is supplied by the CPU, while the 
8206 supplies the corrected old byte. The 8206 also generates 
new check bits. 
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4. The 8206 generates check bits and writes them to memory. 
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inactive, the 8206 generates and decodes the syn- 
drome bits, so that data may be corrected rapidly 
if the CRCT is activated. 

Multiple 8206 systems 

A single 8206 handles eight or 16 bits of data and 
five or six check bits, respectively. Up to five 8206's 
can be cascaded for 80-bit data words with eight 
check bits. When cascaded, one 8206 operates as a 
master, and all others work as slaves (Fig. 6). 

As an example, during a read cycle in a 32-bit 
system with one master and one slave, the slave 
calculates "partial parity" on its portion of the word 
and presents it to the master through the partial- 
parity output (SYO/CBO/PPO) pins. The master re- 
ceives the partial parity at its partial-parity input 
(PPI/POS/NSL) pins and combines the partial parity 
from the slave with the parity it calculated from its 
own portion of the word to generate the syndrome. 
The syndrome is then returned from the master to 
the slave for error correction. 

The 8206 uses a modified Hamming code which 
was optimized for multi-chip EDCU systems. The 
code is such that partial parity is computed by all 
8206's in parallel. No 8206 requires more time for 
logic propagation than any other, hence no single 
device becomes a bottleneck in the parity operation. 

The 8206 is easy to use with all kinds of dynamic 
RAM controllers. Because of its dual-bus architec- 
ture, the amount of control logic needed is very small. 



Figure 7a shows a memory design using the 8206 with 
Intel's 8203 64-kbit dynamic RAM controller and 
2164 64-kbit dynamic RAM. As few as three addi- 
tional ICs complete the memory control function 
(Fig. 7b). 

For simplicity, all memory cycles are implemented 
as single-cycle read-modify-writes (Fig. 8). This cycle 
differs from a normal read or write primarily in 
when the RAM Write Enable (WE) is activated. In 
a normal write cycle, WE is activated early in the 
cycle. In a read cycle, WE is inactive. 

A read-modify-write cycle consists of two phases. 
In the first phase, WE is inactive, and data are read 
from the RAM; for the second phase, WE is activated 
and the (modified) data is written into the same word 
in the RAM. Dynamic RAMs have separate data 
input and output pins so that modified data may be 
written, even as the original data is being read. 
Therefore, data may be read and written in only one 
memory cycle. 

In order to perform read-modify-writes in one 
cycle, the 8203 dynamic RAM's CAS strobe must be 
active long enough for the 8206 to access and correct 
data from the RAM, and write the corrected data 
back into RAM. CAS active time (t CAS ) depends on the 
8203's clock frequency. The clock frequency and 
dynamic RAM must be chosen to satisfy: 



WS ^ t CA c RAM + TDVQV 8206 + 



T Q V Q V 8206 + tDg RAM + t 
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6. No additional logic is required for this 32-bit master-slave system. The slave calculates partial parity on 
its half of the data, and the master determines which of the 32 data bits and 7 check bits is in error. 
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Table 3. Syndrome decoding identifies and corrects 
all single-bit errors. 
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N = No error 
CBX = Error in check bit X (correctable) 
X = Error in data bit X (correctable) 



D = Double-bit error (detected but not corrected) 
U = uncorrectable multi-bit error 




7. The 256-kbyte system (a) has 32 64-kbyte dynamic RAMs for data plus 1 2 dynamic RAMs for error 
correction. The dynamic RAMs are controlled by the 8203 dynamic RAM controller while error correction 
control is supplied by the 8206. Interface logic (b) allows the 8203/8206 system to implement read- 
modify-write cycles by generating Write Enable (WE) to the RAMs, Read/Write<R/w) to the 8206, and byte- 
control signals. 
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The 8203 itself performs normal reads and writes. 
To perform read-modify-writes, simply change the 
timing of the WE signal. In Fig. 7b, WE is generated 
by the interface logic— the 8203 WE output is not 
used. All other dynamic RAM control signals come 
from the 8203. A 20-12 damping resistor reduces the 
WE signal ringing. These damping resistors are 
included on-chip for all 8203 outputs. 

The interface logic generates the R/w input tothe 
8206. This signal is high for read cycles and low for 
write cycles. During a read-modify-write cycle, R/w 
is first high, then low. 

The falling edge of R/W tells the 8206 to latch its 
syndrome bits internally and generate corrected 
check bits to be written to RAM. Corrected data are 
already available from the DO pins. No control 
signals at all are required to generate corrected data. 
R/W is generated by delaying CAS from the 8203 with 
TTL-buffered delay line. This delay (t DELAY J must 
satisfy: 

Way i > t CAC RAM + TDVRL 8206 

The 8206 uses multiplexed pins to output the 
syndrome word and then the check bits. The R/W 
signal may be used to latch the syndrome word 
externally for error logging. The 8206 also supplies 
two useful error signals: ERROR indicates an error 
is present in the data or check bits; CE tells if the 
error is correctable (single bit) or uncorrectable 
(multiple bits). 

After R/w goes low, sufficient time is allowed for 
the 8206 to generate corrected check bits, then the 
interface logic activates WE to write both corrected 
data and check bits into RAM. WE is generated by 
delaying CAS from the 8203 with the same delay line 
used to generate R/w. This delay, t DELAY 2 , must be 
long enough to allow the 8206 to generate valid check 
bits, but not so long that the spec of the RAM 
(t CWL ) is violated. This is expressed by: 

Way. + TRVSV^ < t DELAY2 < t CAS( S- t CWL RAM 

Errors in both data and check bits are automatically 
corrected, without special 8206 programming. 

Since the 8203 terminates CAS to the RAMs at a 
fixed interval after the start of a memory cycle, a 
latch is usually needed to maintain data on the bus 
until the 8086 completes the read cycle. This is 
conveniently done by connecting XACK from the 8203 
to the STB input of the 8206, latching the read data 
and check bits inside the 8206. 

The 8086, like all 16-bit CPUs, is capable of reading 
and writing single-byte data to memory. As just 
explained, the Hamming code works only on entire 
words, so in byte writes, and new byte and old byte 
must be merged, and new check bits written for the 




\ / 

\ / 



\ / 




8. In all memory cycles, the row and column 
addresses are strobed to the RAMs by ras and cas. 
Sometime after the data out is valid, the control logic 
in Fig. 7b generates Write EnablefwE) to write the data 
back into the RAMs. 



composite word. This is difficult with most EDC 
chips, but it is easy with the 8206. 

Further qualifications on 8206 operation 

Referring again to Fig. 7b, the 8206 byte-mark 
inputs (BMo, RMi), are generated from AO and BHE, 
respectively (off the 8086's address bus) to tell the 
8206 which byte is being written. The 8206 performs 
error correction on the entire word to be modified, 
but 3-states its DO/WDI pins for the byte to be written; 
this byte is provided from the data bus by enabling 
the corresponding 8286 transceiver. The 8206 then 
generates check bits for the new word. 

During a read cycle, BM and BM, are forced inactive 
(i.e., the 8206 outputs both bytes even if 8086 is only 
reading one). This is done since all cycles are im- 
plemented as read-modify-writes, so both bytes of 
data (plus check bits) must be present at the RAM 
data in pins to be rewritten during the second phase 
of the read-modify-write cycle. Only those bytes 
actually being read by the 8086 are driven on the 
data bus by enabling the corresponding 8286 
transceiver. 

The 8286's Output Enables (OEB , OEB0 are 
qualified by the 8086's RD, WR commands and the 
8203's CS command. This serves two purposes: It 
prevents data bus contention during read cycles and 
it prevents contention between the transceivers and 
the 8206 DO pins at the beginning of a write cycle. 

Thanks to the use of a 68-pin leadless chip carrier, 
the 8206 error detection and correction unit is able 
to implement an architecture with separate 16-pin 
input and output buses. Thus single-bit error correc- 
tion may be added to a system with a minimum of 
control signals or external logic. □ 



How useful? 
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Immediate design application 
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Within the next year 


551 


Not applicable 
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Scotchflex interfaces with a positive 



"Click" is the sound of 
decisive socket-to-header 
interface in Scotchflex® Brand 
connectors from 3M, The Source 
for premium mass termination 
^systems. Sockets and headers have 
important design features for 
easier assembly and greater 
mechanical dependability 
than ever before. 

^SAS^ v First, Scotchflex 
fc^S^J^ headers 

(.100" x 
.100" grid 

have built-in 
retainer/ejector latches (1). 
@ They snap up to lock sockets 
firmly in place. They snap down to 
disconnect sockets quickly and easily 
. . . good news where density makes 
access tough. 

Second, mating socket connec- 
tors have designed-in metal spring 
clips (2) that lock the covers to the 
bodies for maximum cover retention 
The clips double cover retention 
strength, and let the connector be 
disassembled and reused if necessary. 




WSSSk Third, one- 
piece strain 
relief clips (3) 
take fewer 
steps to 
assemble. 
You get higher 
productivity and lower 
inventory costs since you need 
only one type of socket and a supply 
of efficient, inexpensive clips. 

Fourth, connectors snap into po- 
larized headers with an audible 
j|S^ "click" without pin loss, 
JjBJV^ for the lowest possible 
Si ^ ^fckSw cost per line. The 

unique 3M 

SlS^S^*^ keying 

system (4) 





provides 
positive electrical 
polarization, prevents even a 
partial mismatch, and helps reduce 
equipment damage and field maintenance. 



sound for 6- way better assembly. 



Fifth, 3M's patented U-contact is 
ultra-simple. But it's superbly func- 
tional, proven reliable in thousands 
of applications. 

Sixth, Scotchflex Brand sockets and 
headers in this grid range include 
10,14,16, 20, 26, 34, 40, 50, 
and 60-pin sizes. They give 
you the same dependable 

B mechanical and elec- 
K5Sv trical performance 
as other 
SB&W H 3M 
■mm (_ compo- 

31? 



nents. 



Long service life is a prime measure- 
ment as well; only Scotchflex products 
have successfully passed 40-year life- 
cycle testing. (Test data 
available on request.) 

Click and Easy: words that 
describe these products' 
capabilities right down to 
the pins. Combine with off- 
the-shelf availability (from our 





established national 
distributor network) 
i and superlative 
I technical assistance, 
and you can see 
why 3M is The 
Source for the 
very best mass 
termination has 
to offer the 
electronic 
designer. And there's one more thing. 

The Sourcebook— Free 

All the technical data you'll need for 
Scotchflex Brand mass termination 
products is in our complete Scotchflex 
catalog. It's yours free. Ask your3M 
Scotchflex distributor, or write 
Electronic Products 
Division/3M, 
Building 225-4S, 
3M Center, St. Paul, 
MN 55144. 

"Scotchflex" is a registered trademark of 3M. 



'-SPOKE 

spy. 




J! 







SPECIFY THE 

SOURCE 



3M Hears You... 
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As a student interested in IC 
technology, you were probably bored 
by trimmers. So you might be surprised 
to learn how important they are now 
that you're a working designer. 

The fact is, trimmers are the 
most cost-effective option you've got 
for bringing a circuit up to spec. 
Especially when compared to the ex- 
pensive alternative of custom chips. 

But you can't take full advantage 
of trimmers unless you know them in- 
side out. Which is why we've put to- 
gether the Bourns "Trimmer Primer," 



a free brochure filled with practical, 
cost-saving tips for using BOURNS® 
and TRIMPOT® multi-turn trimmers. 

It starts with a quick review of 
the fundamental applications of trim- 
mers in the voltage divider and rheo- 
stat modes. Then it offers some hints 
about packaging, to give you a better 
feel for choosing multi-turns in the 
right size and shape for your design. 

You'll find plenty of solid appli- 
cation tips, too. Like how to improve a 
circuit's reliability by building in the 



long-term setting stability of multi- 
turn trimmers. A technique which 
allows you to more accurately compen- 
sate for drift caused by aging. 

The "Trimmer Primer" will tell 
you all that and everything else you 
never wanted to know. Until you had to 
cut the cost of a design. 

It's not just for beginners, either. 
Even if you've been using trimmers for 
years, you might be able to pick up a 
new trick or two. 

Return the coupon today and 
we'll send you a free copy. 



TRIMPOT DIVISION, BOURNS, INC., 
1200 Columbia Avenue, Riverside, CA 
92507. Phone: (714) 781-5320. 
TWX: 910-332-1252. 

In Europe: Bourns AG, Zugerstrasse 74, 

6340 Baar, Switzerland. Phone: (042) 33-33-33. 

Telex: 845-868722. 

In Japan: Nippon-PMI Corporation, 

Haratetsu Building, 4-11-11 Kudan Kita, 

Chiyodaku, Tokyo 102, Japan. Phone: 234-1411. 

Telex: 781-27632. 

BOURNS and TRIMPOT are registered 
trademarks of Bourns, Inc. 



I want to know more. Please send my free 
copy of the "Trimmer Primer" today. 

NAME 

TITLE 



COMPANY^ 
ADDRESS^ 

CITY 

PHONE 



_STATE_ 



^ZIP_ 



POURNS THERE IS NO EQUIVALENT. 



ED 9/81 
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Military IC buyers 
need a lot more than 
hi-rel parts. 

You need hi-rel service. 
EVEN OUR PEOPLE 
PERFORM TO 

MILITARY SPECS. 

We don't just sell 
parts, we solve problems. 
Design, documentation, 
testing, data, packaging, 
and routing problems. 




Having trouble finding 
someone to screen parts 
to MIL flows? Not with us . 

Need JAN MIL-M- 
38510? Many of our 
facilities and IC's have 
been blessed by DESC. 

How about MIL-STD- 
883 Class "S"? We're 
old pros. 



WE'RE IN FOR THE 
DURATION. 

AMD is in the F-14, 
F-15,F-16,F-18, Space 
Shuttle, Voyager, and 
IUS. Our 2900 Series is 
the number one military 
microprocessor family. 



HELP IS ON THE WAY. 



How did we get so 
involved with the mili- 
tary? By design. 

We decided a long 
time ago to concentrate 
on bipolar LSI and MOS 
LSI building blocks for 
the military, instrumen- 
tation, computation, and 



communication markets. 
No watches. No toys. 
No toasters. 

All our parts are guar- 
anteed INT*STL>123. 
All come with MIL-STD- 
883 for free. All operate 
over military tempera- 
ture ranges. 



The International Standard of Quality guarantees these 
electrical AQLs on all parameters over the operating tempera- 
ture range: 0.1% on MOS RAMs & ROMs; 0.2% on Bipolar 
Logic & Intejfece; 0.3% on Linear, LSI Logic & other memories. 




Fact is, our standards 
are so high, we introduce 
military parts at the same 
time we introduce the 
commercial versions. 

If you want the service, 
the solutions, the state-of- 
the-art military parts that 
only AMD can offer, call 
The Service Squadron. 

We don't just take 
orders. 



Advanced Micro Devices £1 



901 Thompson Place, Sunnyvale, CA 94086 • (408) 732-2400 
Write for a free 24"x 36" Service Squadron poster. 
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CMOS. 
SPI. 




■ ■ 



SPI's 74LS Devices In CMOS 

SPI gives you 20 new reasons to celebrate. 

If you're a system designer, you know that 
CMOS is the process of the 80s. And SPI is the 
CMOS innovator. We've taken 20 of the most 
popular 74LS devices and manufactured them in 
CMOS — to give you low power and increased 
system performance. 

Our 74 SC components are pin-for-pin compat- 
ible, direct plug-in replacements for low power 
Schottky devices. But 
you also get the 
advantages of 
CMOS: significant- 
ly lower power, 
higher noise im- 
munity, full TTL 
compatibility (input 
and output) and the 
same high speed. 

Best of all, they are 
available now at prices that 
will surprise you. 

SPI CMOS Makes It Possible 

Our 74SC devices are fabricated using a propri- 
etary selective oxidation silicon gate process we 
call SPI CMOS. It's the same advanced technol- 
ogy that we use in our 500- and 1000-gate uncom- 
mitted logic arrays, so you know it's been proven 
where it counts — in the field. 

SPI's new family of 74SC components covers 
the range of the most widely used devices. De- 
coders. Multiplexers. Octal drivers. Transceivers. 
Flip-Flops. Latches. All are direct plug-in replace- 
ments designed to solve marginal performance 
problems in existing designs. Or, with an eye 



on the future, you can design in the building 
blocks for tomorrow's high-speed, low-power 
CMOS systems. 

Put SPI's CMOS 74SC products to work in 
existing applications where high-noise immunity 
and /or low power is desirable. And that's just 
the beginning. 

On The Shelf Now 



You can start usin 




SPI's CMOS 74SC prod- 
ucts today because they're 
available now. 
74SCin CMOS from 
SPI - don't settle for 
anything less. Put 
more into your sys- 
tem right now and 
stay ahead with SPI 
CMOS - the proc- 
ess of the 80s. 
Call or write SPI 
for more information, 
before your competition does. 



• SP74SC137 

• sPTiscm 

• SP74SCT39 

• SP74SC237 

• SP74SC238 

• SP74SC239 

■ SP74SC240 

• SP74SC241 

• SP74SC244 

■ SP74SC245 

• SP74SC373 



1 of 8 Inverting Decoder 
with Input Latches 
1 of 8 Inverting Decoder 
Dual 1 of 4 Inverting 
Decoder 

1 of 8 Decoder with 
Input Latches 
1 of 8 Decoder 
Dual 1 of 4 Decoder 
Octal Inverting Buffer 
Octal Buffer 
Octal Buffer 
Octal Transceiver 
Octal Transparent Latch 



• SP74SC374 

■ SP74SC533 

• SP74SC534 

■ SP74SC540 

• SP74SC541 

■ SP74SC563 

■ SP74SC564 

■ SP74SC573 

■ SP74SC574 



Octal D-Type Flip-Flop 
Octal Inverted Output, 
Transparent Latch 
Octal Inverted Output, 
D-Type Flip-Flop 
Octal Buffer 
Octal Buffer 
Octal Inverted Output, 
Transparent Latch 
Octal Inverted Output, 
D-Type Flip-Flop 
Octal Traasparent Latch 
Octal D-Type Flip-Flop 




SEMI PROCESSES INC. 

1885 Norman Avenue, Santa Clara, CA 95050, Tel: (408) 988-4004 
TWX: 910-338-0025 SPI SNTA 

SPI in Europe: Semi Processes Inc., Austin House, South Bar, Banbury, Oxfordshire. 
England, Tel: (44J-295-61138 Telex: 837594 
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First-in/first-out buffers are often essential for interfacing computer 
peripherals and other applications. Now, thanks to a new LSI controller 
chip, large yet economical FIFOs can be built from standard RAM chips. 



Organize RAMs as FIFO buffers 
with an LSI controller chip 



More and more digital systems require large first- 
in/first-out (FIFO) buffer memories to interface 
asynchronous subsystems. Now, with the introduc- 
tion of the Signetics 8X60, large FIFO buffers can 
be built from high-density RAM chips to form 
compact and economical systems. The new LSI chip, 
known as a FIFO RAM controller (FRC), can be used 
with RAM chips to produce FIFO registers with 
depths of up to 4096 words (where the words can 
be of any desired length). 

In many applications— examples include peripher- 
al interfacing, data communications and data ac- 
quisition — there has been an urgent need for large 
FIFO buffers (see "Where FIFO Buffer Storage Is 
Needed"). But, until the introduction of the new 
controller chip, all the available techniques for build- 
ing large FIFOs resulted in bulky and expensive 
systems. For example, FIFO memory chips have 
been available for several years, but the ICs have 
very limited capacity— typical storage capability is 
64 x 4 bits. Most FIFO applications require a large 
number of IC packages to produce the required 
buffering capability. How- 
ever, in applications where 
only a limited amount of 
buffering is required, LSI 
FIFO chips may yield the 
most compact and cost-ef- 
fective design. 

Fitting the FIFO to the task 

Before examining the 
FIFO RAM controller in de- 
tail, first look at some of 
the alternatives. This will 



Jeff Seltzer, Applications 
Engineer, Signetics Corp. 
811 East Arques Ave., 
Sunnyvale, CA 94086 




help to select the best method for a specific applica- 
tion, and will highlight some of the advantages of 
the new approach. Of course, regardless of the 
specific technique employed, the application de- 
termines the required buffer size. The memory itself 
may be built from standard RAMs or from available 
FIFO memory chips. 

For buffer memories in general — though not 
necessarily for FIFO buffers — semiconductor RAMs 
are commonly used because they are inexpensive and 
readily available. The specific memory chip used 
depends on the buffer size and speed requirements. 
In most buffer applications, high speed is required, 
and static RAMs are a popular choice because they 
tend to be faster and are more easily interfaced than 
dynamic RAMs. However, even with static RAMs, 
additional logic is required to address the buffer from 
both system interfaces. This logic must be capable 
of generating and keeping track of addresses in the 
RAM where data are stored. Also the logic must 
control read and write cycles, and provide status 
signals to indicate buffer availability. 

An advantage of RAMs as 
buffers, of course, is that 
they allow random access. 
Data in the RAM can be 
directly accessed, and new 
data can be directly written 
into any RAM location. A 
disadvantage of the tech- 
nique, however, is the need 
for a sophisticated buffer 
controller, or for substantial 
logic in the buffered sub- 
systems to generate ad- 
dresses and interpret con- 
trol signals. To avoid undue 
cost and complexity, RAM- 
based buffer designs usually 
must be operated under the 
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control of the systems that are being interfaced. This, 
in turn, means that they often must be completely 
filled up by one subsystem before being completely 
emptied by the other subsystem. The net result of 
this constraint is that, if large amounts of data are 
flowing through the buffer, there will be inherent 
delays that detract from overall system perfor- 
mance. In fact, where real-time response is required, 
RAM buffering may prove impractical. 

Fortunately, RAM buffering isn't essential in most 
applications— because direct access to the buffer is 
rarely needed. Most systems require sequential data 
transfer that can be handled by a straightforward 
FIFO buffer— and without the need for complex 
address-control circuitry in either subsystem. With 
FIFO organization of the buffer memory, informa- 
tion can be read by the receiving subsystem im- 
mediately after it has left the transmitting sub- 
system. The only restrictions on the speed of data 
transfer are the relative speeds of the subsystems 
and the capacity of the buffer. 

For applications where random access to the 
buffer is not required, the most common technique 
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FIFO 
Memory 
chip 


Output strobe 


Input ready (not full) 


Output ready (not empty) 
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1 . For a typical FIFO memory chip, an input strobe 
enters data into the stack, and another strobe later 
removes the data. Status lines can be used to 
prevent entry or removal of data if the stack is full 
or empty, respectively. 







Input 
control 
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y Output data 



2. In a FIFO circuit, data are stored in a series of internal 
registers. Control flip-flops — one for each register — keep 
track of how many stack locations are in use. Data in a 
register are propagated forward whenever the next register 
is empty. 



is to use one of several FIFO memory chips that are 
currently available. However, existing FIFO devices 
have limited capacity, and are available in only a 
few specific depth and word-width configurations. 
The devices have separate data and control lines for 
input and output operations— which facilitates their 
use by two independent subsystems. Two asynchro- 
nous handshake lines allow read/write control, as 
shown in Fig. 1 for a typical LSI FIFO chip. Usually, 
these circuits can sustain quite high I/O clocking 
rates of about 10 MHz. 

Internally, a FIFO memory circuit consists of a 
series of storage registers daisy-chained to form a 
stack as shown in Fig. 2. A flip-flop associated with 
each register indicates whether that register con- 
tains valid data or is empty. Data presented to the 
FIFO circuit enter the first register and propagate 
through the stack. Propagation continues until the 
signal either encounters a full register or reaches the 
end of the stack. New data can be written into the 
buffer as soon as the previous entry has been copied 
forward from the first register. When data are read 
from the last register, data in all the preceding 
registers are copied forward by one location. The read 
operation can be repeated as soon as data in the last 
register have been replaced. 

Construction of a large FIFO memory from FIFO 
chips— using a configuration such as that shown in 
Fig. 3— presents two significant problems. Firstly, 
the chips have only a small capacity. Therefore a 
large number of chips must be cascaded to achieve 
depth and/or paralleled to achieve width. Secondly, 
there is a "fall-through" delay— the time required 
for a piece of data to propagate from the first register 
in the FIFO to the last. When FIFO devices are used 
to build a large buffer, the fall-through time in- 
creases as the stack becomes deeper. For large 
memories the problem becomes quite significant. 

RAMs provide an alternative 

Because of the problems that occur when FIFO 
chips are used to build large buffer memories, 
alternative solutions must be considered. Most of the 
alternatives employ standard semiconductor RAMs 
to provide the data storage. Then, data can be stored 
in sequential locations in the RAM, and the address 
lines can be controlled to achieve the desired FIFO 
effect. Since the RAM controller can directly access 
any location, this approach eliminates the fall- 
through problem. 

As mentioned earlier, unless the RAMs have 
dedicated control logic to achieve FIFO operation, 
the interfaced subsystems will have to provide the 
control functions— with a consequent loss in overall 
system performance. There are several ways to 
implement the FIFO controller. Sometimes, the 
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3. To build a large FIFO buffer, several FIFO memory chips can be cascaded. Depth of the 
buffer can be increased by connecting more chips in a chain. Width can be expanded by 
connecting chains in parallel. 



function can be conveniently implemented in soft- 
ware. Since digital systems often use microproces- 
sors, the software approach can minimize the hard- 
ware overhead. 

The software solution to the FIFO-control problem 
is quite straightforward. As shown in Fig. 4, two 
address indices can act as pointers for the next read 
and write locations in the RAM space dedicated to 
FIFO buffering. The normal I/O ports of the 
microprocessor provide access for data to be written 
into and read from RAM. A software routine incre- 
ments the associated pointers when a read or write 
operation is performed — resulting in circular ad- 
dressing of the data storage in the buffer memory. 
Comparison of the address pointers determines the 
full or empty status of the buffer. 

While this technique can often be used to manage 
a FIFO buffer when a microprocessor is present, it 
is unacceptable for many applications. The slow 
execution of programmed I/O can result in inade- 
quate performance. Also, the additional burden on 
the microprocessor can detract from other processing 
functions, and outweigh the advantages of the FIFO. 
These problems can be avoided with a hardware 
implementation of the RAM controller. 

A hardware controller for RAMs 

The hardware controller shown in Fig. 5 can be 
built with approximately 16 logic ICs to perform a 
function similar to the software version. This con- 
troller generates 12-bit address pointers and 
therefore can address up to 4-k words of RAM. The 
word width is determined solely by the number of 
RAMs connected in parallel. The control logic can 
be expanded to support deeper buffers by adding 
more counter stages. 




4. A microcomputer can be programmed to store and retrieve 
I/O data in FIFO order. With the configuration shown (a), a 
segment of the microcomputer's memory is reserved as the 
FIFO buffer (b). The processor maintains two pointers, which 
index locations where data are to be written and read. 
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Memory Technology: FIFO controller chip 



The operation of the circuit is relatively simple. 
When a write cycle is requested, the multiplexer 
selects the current contents of the write address 
counter to access the RAM. Write enable to the RAM 
is activated once the address has stabilized. When 
the cycle has concluded and the request has been 
removed, the write address counter and the stack 
status counter are incremented. Similarly, a read 
cycle proceeds using the read address counter, except 
that write enable is not activated and the stack status 
counter is decremented on completion. When the 
stack status counter contains all zeros, it indicates 
an empty or full condition depending on the last 
operation performed. Since the storage devices are 
RAMs and can be accessed only one location at a time, 
an arbitration circuit is included. This arbitrates 
between read and write requests, should they occur 
concurrently. Once a read or write cycle has begun, 
it continues until the corresponding request signal 
is removed. 



A design such as that of Fig. 5 could easily achieve 
a data rate exceeding 5 MHz, depending on the RAMs 
employed. But, because the control logic requires 
about 16 chips, there is no worthwhile savings versus 
an array of FIFO memory chips until the buffer size 
exceeds about 4 kbits. However, use of an LSI circuit 
as the hardware controller drastically reduces the 
package count and the associated costs of develop- 
ment, manufacture, test, and support. 

An LSI circuit for FIFO control 

The 8X60 LSI circuit performs all of the functions 
of RAM control to form a FIFO buffer. The chip is 
fabricated in bipolar TTL and ISL (injected Schottky 
logic) to provide high-speed and low-power operation. 
A buffer memory built with the 8X60 and RAM chips 
competes with arrays of FIFO memory chips for 
buffer sizes as small as 512 bits (see Fig. 6). Readily 
available 4-kbit static RAM chips offer high speed 
and economize on board space for larger capacity 
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5. Conventional RAM chips can be addressed in FIFO sequence by using this hardware controller. 
The disadvantage of this method is that the circuit requires about 1 6 digital ICs plus additional 
RAM chips. 
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buffers. 

The 8X60 provides a unique combination of 
features. It can control buffers with depths of up 
to 4096 words and with any width. The width is 
determined by the type and quantity of RAM devices 
used. Data rates achievable with this FIFO/RAM 



Signal combinations 
for buffer-length selection 
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6. As the size of a FIFO buffer memory increases, the parts 
count increases rapidly when FIFO chips are used. When 
RAMs are used, the count climbs more slowly. Use of the 
Signetics 8X60 provides the most compact system for large 
FIFO buffers. (These log-log graphs assume the use of RAMs 
with capacities up to 4-kbits.) 



combination can exceed 8 MHz, which competes with 
current FIFO memories. However, this approach 
does not suffer the lengthy data fall-through delays 
associated with FIFO chips. 

The pin connections for signals associated with the 
8X60 are shown in Fig. 7, while a block diagram of 
the controller chip is shown in Fig. 8. 

The 8X60 controls FIFO buffering by generating 
the addresses used to access the RAM. Also it 
interprets control signals from the subsystems that 
are being interfaced and provides appropriate status 
information. Separate handshake control lines are 
used to request either write or read operations. A 
request for either operation causes the appropriate 
RAM location to be addressed. Once the address is 
stable, the corresponding control output acknowl- 
edges that the request has been granted. Upon 
completion of the data transfer to or from the RAM, 
the request input is removed. This causes the control 
output, and then the address output, to be 
terminated. 

Write-cycle operation is as follows: When the Si 
(Shift In) request input goes low, the write operation 
will start— provided the read cycle is not in progress 
(as determined by the arbitration logic) and provided 
the stack is not full (as determined by the status 
signal). Then the write address will appear on the 
outputs and, after the address has stabilized, the 
WRITE output will go low. When the SI input is 
returned to the high state, the WRITE output goes 
high before the address outputs are disabled. The 
write-address counter and status counter are then 
both incremented. 

When the §15 (Shift Out) request input goes low, 
the read cycle will begin — provided a write cycle is 
not in progress and the buffer is not empty. The read 
address will appear on the outputs and the READ 
output will go low. When SO is returned high, READ 
goes high. Also the Address outputs are disabled, the 
read-address counter is incremented, and the status 



Write cycle (Shift in) request 
Read cycle (Shift Out) request 
Controller Chip Enable 
Master reset (all counters to zero) 



Buffer length select code 
(constant input) 




7. Signal connections to the 8X60 RAM controller are shown here grouped by function. 
Of course, the actual pin connections are arranged in a different sequence. ThesTand 
so lines initiate write and read cycles, respectively. 
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counter is decremented. 

To prevent the possibility of operational conflicts, 
arbitration logic ensures that ST and §0 are treated 
on a first-come first-served basis. If one cycle is 
requested while the other is in progress, the re- 
quested cycle will begin as soon as the current cycle 
is completed. 

The buffer length of the FIFO memory can be 
hardware selected via the Length-Select inputs (LSI 
and LS2) as shown in the table. When the selected 
length is less than the maximum available, the 
unused high-order address outputs are inhibited 



(placed in the high-impedance state). 

The 8X60 also generates status signals indicating 
whether the FIFO buffer is empty, full (no more 
available locations), or at least half-full. 

Almost any semiconductor RAM can be used with 
the 8X60. The device provides control signals that 
can be used directly to control the Write-Enable 
(WE) input to a RAM (Fig. 9) provided that the 
address setup time required by the RAM is suffi- 
ciently short (no more than 5 ns). 

The most convenient way to build a buffer memory 
around the 8X60 is to use RAMs that have an address 





si - 

so - 

CE- 



Arbitration 
logic 



Write 

address 

counter 







Read 

address 

counter 



Status 

counter 

(Up/down) 



Memory 

length 

decode 



Multiplexer 



Status 
decode 







Write 
Read 



-]2 Address 
outputs 



Full 
Half 
Full 
Empty 





8. The 8X60 controller provides all the functions needed to control RAMs so that they function as 
FIFO buffers. As shown in this internal block diagram, the LSI circuit generates all necessary 
addresses and status codes. Arbitration logic establishes priorities in the event of concurrent read 
and write requests. 
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9. A FIFO buffer can be built by connecting the 8X60 controller to RAM chips as shown. Several 
RAMs can be connected in parallel to achieve the desired word width. For this simple 
configuration, the address space of each RAM equals the desired FIFO buffer length. 
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Where FIFO buffer storage is needed 



Wherever two digital subsystems operate asynchro- 
nously, yet must communicate, a first-in/first-out 
buffer memory may be required. As shown in the 
diagram, a FIFO buffer can be used to interface two 
asynchronous subsystems, A and B. Instead of being 
transferred directly from subsystem A to subsystem 
B, data are first accumulated in a FIFO buffer from 
which they are read into subsystem B at a different 
speed, but in the same sequence. 

The buffer used must be sufficiently large to hold 
an entire block of data from the first subsystem (e.g. 
a complete sector from a disk). Though FIFO memory 
chips are available, they tend to have limited storage 
capability (typically 64 X 4 bits). The new Signetics 
controller chip meets the need for increased buffer 
capacity by allowing registers with depths of up to 
4096 words to be built from high-density RAM chips. 

There are many situations in which the speed of 
one or more subsystems cannot be controlled by the 
system designer and where the data rate required by 
one of the subsystems exceeds the capacity of the 
other. For example, high-speed peripherals must often 
be interfaced to computers that have limited channel 
or memory speed. The data rate of the peripheral may 
be fixed by mechanical characteristics (such as the 
rotation speed and recording density of a disk), while 
the I/O speed of the computer may be limited by 
memory speed. This type of situation could become 
more prevalent in the future as transfer rates of 
peripherals increase due to technological advances. 

Another application where FIFO buffers can prove 
useful is in data-acquisition systems that must 
monitor and respond to a large number of real-time 
events. The events may occur at any time including 
the period during which the processor is retrieving 
previously stored data. A FIFO buffer can store the 
events as they occur and present the data to the 



computer when it can handle the processing. 

Data-communications systems often require buf- 
fering. In distributed communication networks, effi- 
cient use of the communication channel is important. 
Stations in the network must be capable of receiving 
or transmitting messages as soon as the communica- 



a. General system block diagram 
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b. Data-transfer timing relationships 
Data items output from subsystem A 
1 2 3 4 5 6 7 8 9101112 



FIFO 
buffer 




1 2 3 4 5 6 7 8 9 10 11 12 

^b) Data items input to subsystem B 

tion channel becomes available. Use of FIFO buffers 
for interfacing allows efficient use of the communica- 
tion channel even during periods when a station's 
processor is busy. In other data-communications 
systems, FIFO buffers can optimize use of the channel 
and processor by allowing messages or sets of 
messages to be stored and assembled for subsequent 
transmission. 



space equal to the desired FIFO buffer depth. The 
number of devices required is then determined solely 
by the word width. The buffer can also use RAMs 
of different sizes, but some design effort will be 
required to address them using conventional address 
decoding techniques. In this case, the chip-select 
decoder itself must be disabled until an I/O operation 
commences— to provide sufficient address setup 
time during a write cycle. 

Since the 8X60 achieves FIFO operation through 
simple control of address lines, a number of interest- 
ing memory designs and FIFO applications become 
possible. For example, consider an 8X60 connected 
to the low-order address lines of a large computer 
memory. The Chip-Enable (CE) input to the 8X60 
could be controlled to enable the address outputs and 
FIFO control operations upon request from the 



processor. A large, hardware FIFO memory space 
would then be available to the system and/or 
software designer (see Fig. 10). 

The arbitration logic in the 8X60 allows it to 
interface between two asynchronous systems — 
much like a dual-port memory. However, an impor- 
tant difference is that the RAM may not be im- 
mediately available for access upon request if the 
opposing cycle is in progress. For applications that 
cannot tolerate the arbitrary delay of one cycle 
before a request is granted, data latches may be used 
to interface the RAM input and/or output data, thus 
forming a data pipeline. 

One solution for implementing a full input and 
output pipeline is shown in Fig. 11. The block 
diagram also shows where time-delay circuitry could 
be included, if necessary, to provide sufficient access 
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Quality Sockets For 
Burn-In & Production! 

Quality., .superior quality . . . has made Wells the world's leading 
producer of bum-in/test sockets. This quality is found in all of 
our products ... in our selectively plated, compact "Mid-Rise", our 
Series 614 isolation sockets, our durable, long life "Hi-Rise" 
sockets, and in our sockets for leadless chip carriers and TO-5 
devices. That same quality is built into our production sockets 
...the Series 802 "Lo-Rise" for 
low cost applications, the "VIP" 
line of screw machine sockets that 
meet MIL Specs, and into our 
"top-of-the-line" 24- and 40-lead 
Series 504 zero-insertion-force 
sockets. When you need quality 
sockets, call Wells! 



FREE 1981 CATALOG 
36 pages of burn-in/test 
sockets, production sock- 
ets, IC contactors and 
carriers. Call 219/287-5941 
or telex 25-8325. 



Welcon 



Wells Electronics, Inc. 
1701 S. Main Street 
So. Bend, IN 46613, U.S.A. 



CIRCLE 64 



WE KNOW A LOT 
ABOUT A LITTLE. 



Ferrites for switching power 
supplies, for instance. 

Magnetics new ferrite P material is 
specifically designed for magnetic cores for 
switching power supplies. Ideal for 
operating temperatures to 100°C, core 
losses of P material decrease to 80°C; 
further, compared to other ferrite 
materials, flux density and permeability 
remain relatively high to 100°C. 

P material comes in many geometries, 
including toroids, EC cores, EP, RAA and 
pot cores. 

Write Magnetics, Components Division, 
Butler, PA 16001. ^ 
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1 0. To use a segment of a large system memory as a FIFO 
buffer, you can connect the 8X60 to the low-order address 
lines of the memory. In this way, a page of the computer's 
memory is dedicated as a FIFO buffer. The sTand so inputs 
to the 8X60 can be derived from the system's read/write 
control lines. 




1 1 . Data pipeline latching avoids system delays when data 
must be written into or read from the buffer instantaneously. 
The scheme requires extra logic, and time delays may have 
to be included to allow access time for data transfer to and 
from the RAM. Delay t D1 maintains an adequate write pulse 
for the RAM; delay t D2 provides RAM address access and latch 
set-up times. 

time for data transfer into and out of the RAM. 

Since the 8X60 does not actually handle the buf- 
fered data, any interfacing to the RAM data lines 
should be designed to suit the particular application. 
With an interface as shown in Fig. 11, a data word 
can be written or read immediately upon request, 
while the actual data transfer to or from the FIFO 
buffer may occur at any time thereafter. 

As we've seen, large buffer memories can be 
extremely useful in system design. The 8X60 con- 
troller, coupled with standard RAMs, provides de- 
signers with the most cost-effective and straightfor- 
ward method for building large FIFO buffers. □ 
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Very special 

specialist 

in ferrite cores. 



HJHDfJETICS 



4 DIVlSlOH OF SPMG IHOUS TfWS IWC 




ih~ — _ 



UTCIS 
THE ONE. 




With a greater variety of products 
qualified to MIL-T-27, 
MIL-F-18327 and MIL-T-21038 
than anybody else in the business. 

We're more likely to havetheexact 
MIL-qualified part you need or be 
able to give you qualification by 
similarity. And this can save you 
the time and cost of running 



extensive qualifying tests against 
your discrete part number. 

We have more inductive products 
. . . transformers, filters and pulse 
transformers ... on the MIL- 
approved QPL list than any of our 
competitors. So next time you 
need parts, save yourself the 
trouble of shopping around. Start 



with the one name you can 
depend on to have just about 
everything . . . TRW/UTC. 

For fast, off-the-shelf delivery, 
see your local TRW/UTC dis- 
tributor. Or contact TRW/UTC, 
an Operation of TRW Inductive 
Products, 150 Varick St., New 
York, NY 10013. (212) 255-3500. 



TRW 



INDUCTIVE PRODUCTS 



FROM A COMPANY CALLED TRW 
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FORGET 





Use our 5QC IC opto-switch 




(2x actual size) 



Versatile Sprague Type ULN-3330Y Integrated Circuit Optoelectronic 
Switch eliminates the high cost of discrete components. 



This optoelectronic switch is a complete sys- 
tem in a single, 3-lead clear plastic TO-92 
package. It includes a silicon photodiode, low- 
level amplifier, Schmitt trigger, output driver, 
and voltage regulator. The ULN-3330Y switch 
is designed for ON-OFF light applications 
where passing objects break a light beam (to 3 



kHz or 180,000 rpm). It is also useful for opera- 
tion at a precise light level and is recommended 
for applications where a light threshold sensor is 
required. This low-cost switch features an inter- 
nal latch to provide hysteresis and eliminate 
chatter or hunting. An open collector output 
driver will switch loads up to 50 mA and 15 V. 



*ln production quantities. Less than 20% the cost of anything comparable. 
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CIRCLE 222 



The greater capacity and smaller size of recent Winchester disk drives have 
reopened the backup question. A Va -in. streaming tape cartridge drive 
with a data-transfer rate of90kbytes/s, is prepared for the task. 



Intelligent streaming tape unit 
ready to back up Winchesters drives 



At last a ',4 -in. streaming tape drive has arrived 
to attack the Winchester backup problem. Capacity, 
packaging, and reliability improvements in Win- 
chester technology can be negated if no effective data 
backup is available to system designers. Until now, 
uncertainty in providing a reliable and cost-effective 
backup in the 20-to-80-Mbyte range has been a major 
obstacle to small-system designers. 

The requirements for backup are stringent: such 
a device must be low in cost yet equal to the 
Winchester disk drive in performance and ease of 
use. The only solution that can be delivered today 
to meet all these requirements is the Sidewinder Vi- 
lli, streaming tape drive. 

Originally, floppy disks could handle the job, but 
that is no longer true, because of the recent increase 
in capacity and reductions in size of the latter. The 
Sidewinder steps into that breach, opening up the 
use of a streaming tape drive for backup, thanks to 
its impressive qualifications: 

■ A data-transfer rate of 90 kbytes/s, to handle 
the majority of system timing requirements effec- 
tively and not tax system 
buffers. 

■ A host interface de- 
signed for a variety of 
microprocessor and mini- 
computers. It includes an 8- 
bit bidirectional bus and 
control and status lines. 
With just two software in- 
structions, read and write, 
the drive can appear to the 
user as a 20-Mbyte first-in, 



Wes Theriault, Vice President of 

Marketing 

Archive Corp. 

3540 Cadillac Ave. 

Costa Mesa, CA 92626 




first-out (FIFO) buffer. 

■ Controller software that eliminates time-con- 
suming design work, tape formatting, error process- 
ing, and motion controls become transparent to the 
host system. 

■ Intelligence, in the form of a microprocessor, that 
accommodates DMA I/O system architectures and 
relieves the host of the need to control tape-process- 
ing parameters. 

■ A tape utilization efficiency— the ratio of the 
length of the data record to that length plus the 
length of the gap between records— of 97%. 

■ Hard error rates of 1 in 10 8 and 10 10 , com- 
mensurate with those of Winchester disk drives. 

A comparison of the various backup solutions puts 
the Sidewinder in perspective (see Table 1). The 
Sidewinder relies on a standard 450-ft ',4 -in. cartridge 
and delivers a formatted capacity of 20 Mbytes at 
a transfer rate of 90 kbytes/s. The next option, the 
%-in. start/stop cartridge drive, requires multiple 
media insertions, has a formatted capacity of 8.6 
Mbytes, and costs more per given capacity. What's 

more, it loses to the 
Sidewinder in all the other 
performance and operation- 
al considerations shown in 
Table 1. 

Another factor to consider 
when comparing streaming 
and stop/start ^-in. drives 
is that the streaming tape 
format separates data fields 
with gaps of 2 to 13 bytes. 
The start/stop cartridge 
drives rely on 600-byte 
blocks, for a tape utilization 
factor of 45%. On the other 
hand, the streaming format 
is about 97% efficient at a 
20-Mbyte formatted and a 
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The floppy-disk drive cannot support disk drives 
of more than 15 Mbytes, which is hardly sufficient 
for mass compilation and storage of data. 
Furthermore, the total recording time of both 5V* 
and 8-in. floppies negates their use for Winchester 
backup. 

The major concerns in integrating a tape sub- 
system into a system design are matching the disk, 



%-in. streaming tape format 
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1 . Whereas the Vi-in. streaming tape format separates data 
fields with gaps of 2 to 1 3 bytes, a conventional Vi-in. 
start/stop drive may consume up to a 600-byte interblock gap. 
These gaps translate into a 97% tape utilization with 
streaming and only about 45% for start/stop operation. 
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2. The host interface hardware minimizes the number of 
interconnections between the host and the controller. 
Communications between the two is controlled by four 
programmed I/O (PIO) lines. 



Another serious consideration is the use of pro- 
grammed I/O (PIO) or direct memory access (DMA). 
If a small, single-user computer is the goal, a PIO 
channel can be used without purchasing a fast 
peripheral subsystem. Conversely, if the final goal 
is a fast multiuser system, DMA will generally be 
the choice. Both PIO and DMA host parameters will 
be dealt with below. 

The main consideration for the disk drive is to 
match its requirements with those of the host com- 
puter system. Overall, the capacity and speed of the 
disk must meet or exceed the operational needs of 
the CPU. The goals for tape backup mean that it too 
must meet these same stringent parameters. 

Track seek time and rotational latency time must 
be taken into account as simple operational 
parameters. Bit packing density and error-recovery 
procedures, on the other hand, contribute to the 
overall performance of the drive. 

For example, if the disk seeks out tracks slowly 
and has a slow rotational latency, low bit packing 
density, low capacity, and few error-recovery pro- 
cedures, then a fast, high-capacity tape subsystem 
will be inefficient and too costly. What's more, the 
tape drive's performance will suffer because the 
system will not be able to support the speed of the 
tape drive. 

Selecting a tape drive 

In selecting a tape drive, the key factors are 
transfer rates, capacity, and reliability. The tape's 
record size must match well with the disk's file size 
and provide the needed data access when the data 
are on tape. Tape speed and bit packing density 
directly translate into how fast the system will put 
data down on the tape. Buffering, too, affects how 
fast the host can deliver data to the tape: The larger 
the buffer, the less the bus or the computer's core 
memory is tied up. 

If the transactional speed matches the computer's 
speed, then capacity is the next parameter to be 
addressed. Although a backup system may be fast 
enough to handle data, its basic purpose is defeated 
when the media must be changed often. Capacity, 
in turn, is a function of the length of the tape, the 
bit packing density, and the size of the interrecord 
gaps. The length of the tape, coupled with the bit 
packing density, determines how much data overall 
can be put into one cartridge. The interrecord gap, 
in turn, limits the amount of formatted data that 
will fit on the tape. 

Data buffering, error-recovery procedures, and the 
backup method are operational parameters that 
influence the efficient interface of CPU, disk, and 
backup. The capacity of subsystem buffering will 
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Table 1 . Possible Winchester backups 



Device 


Formatted 
capacity 
(Mbvtesl 


Cost/ 
Mbyte 
(in 500- 
unit lots) 


Number 
of media 
required* 


Total 
media 
cost 


Recording 
time* (rrtin.) 


Operator 
involvement 


Sidewinder 
V4-in. streaming 

t?irip psrtririnp 
iq^c oai 11 luyc 


20.0 


$ 31 


1... 


$30 


4 (90 in./s) 
12 (30 in /si 


One media 

jncprtjon 


1 /4-in. start/stop 
tape cartridge 


8.6 


$140 


3 


$90 


60 (30 in./s) 


Multiple 
media 

incprtinn 

1 1 IOCI 1 1 \J 1 1 


8-in. floppy-disk 
drive, dual-sided, 
double-density 


1.3 


$400 


16 


$80 


34 


Multiple 
media 

jncprtjon 


5 1 /4-in. floppy-disk 
drive, dual-sided 
uuuuie-oensuy 


0.409 


$685 


50 


$150 


100+ 


Multiple 
media 

1 1 loci UUl 1 


Fixed/removable 
disk drive 


6.4 fixed 
6.4 

removable 


$300 

removable 


4 


$500 


4 


Multiple 

media 

insertion 


Removable disk 
cartridge drive 


8.8 


$180 


3 


$375 


4 


Multiple 
media 



"For 20 Mbytes 




Command 



Command 
code 



Description 



Select 
Position 

Write data 
Write file mark 

Read data 

Read file mark 
Read status 



M = Modifier bit 

X = Not used (must be 0s) 



00OMMMMM 
001XXMMM 

010XXXXX 
011XXXXX 

100XXXXX 

101XXXXX 
110XXXXX 



Determines which tape drive is accessed. Up to 
four drives can be daisy-chained. 

Instructs the tape drive to handle all tape 
positioning internally. Now the host system need 
not recognize and act on tape-positioning 
commands. 

Initiates the writing of data. 

Lays a GCR file mark on the tape for later access 
to a particular file. 

Reads data; includes retries and transfers to the 
host of data that contain hard errors so that the 
host can determine and correct them. 

Permits access to any file number off line. 

Provides the ability to monitor the performance 
of the drive, showing how many times data 
blocks had to be rewritten or reread. This 
auditing feature helps to indicate when a tape 
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determine whether or not the CPU's internal 
memory will be used or if host buffering is required. 
Error-recovery procedures provide the parameters 
for hard and soft-error recovery circuitry needed in 
the host. 

The user can decide if mirror-image, individual 
data-file, or transactional backup best fits his needs. 
Since most backup tape systems are relatively new 
and not many models are on the market, the question 
really becomes, What kind of data management can 
the user actually accomplish? Streaming systems, 



such as the Sidewinder, offer the user both mirror- 
image and data-file management. 

Factors influenced by the tape cartridge 

If the backup is used continually, reliability is 
paramount. That means that the tape must run at 
a constant speed, the tape tracks must always align 
with the head, and the tape must be kept free of dust 
and other foreign matter. In the case of a ^-in. 
cartridge tape drive, the tape itself plays a very 
important role in the overall data reliability. 



Making the most of tape recording technology 



To achieve high performance, minimum maintenance, 
and high reliability, the Sidewinder '4-in. streaming tape 
drive incorporates advanced tape recording technology 
usually found in high-performance '/2-in. reel-to-reel 

drives. 

Unique among W-in. drives, it erases with an ac signal, 
permitting light writing to be employed. That in turn 
makes possible extremely high-density recording with 
existing head technology. Light writing means that the 
tape is not saturated. Conventional '/2-in. NRZI tape 
drives record in a saturation mode, but large tape drives 
using 6250-bit/in. group-code-recording (GCR) of the 
IBM 3420 type cannot achieve the required density on 
existing tape with saturation recording. Therefore they 
operate with a much lower output from the read head 
than conventional drives. That presents a problem, in 
that most conventional machines erase with dc and the 
dc signal has an ambient noise level that would be too 
close to the level of the read/write signal for reliable 
operation. Consequently, most manufacturers have gone 
to ac erasing on large 6250-bit/in. units. (As can be 
verified by any high-quality audio recorder, ac erasing 
significantly improves the signal-to-noise ratio over a dc 
erase.) 

The Sidewinder employs two other important record- 
ing techniques. A third-order phase-locked loop follows 
instantaneous speed variations (ISV) that are inherent 
in the cartridge, and a 4-to-5-bit run-length limited 
coding minimizes bit shifts by avoiding worst-case data 
patterns (see figure). 

One of the principle advantages of the run-length 
limited codes in this particular case is that no data stream 
ever has more than two 0s in a row. That enhances the 



operation of the phase-locked loop and improves data 
integrity through the use of the coding scheme. The 6250- 
bit/in. GCR is merely one of several run-length limited 
codes. 
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Archive block format 
GAP^ 1F 
SYNC = 07 
File mark = 1C 

The Sidewinder's data stream is an 8-bit byte coming 
in through the interface. This word is broken down into 
two nibbles of 4 bits each. Each nibble is passed to run- 
length limited encoders, which put out 5 bits for each 
nibble. These bits are then serialized and sent to the 
read/write electronics. 

Another improvement is the NRZI recording method. 
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The first factor to affect the total system 
performance is tape speed. When data are clocked 
onto the tape with nanosecond resolution, the tape 
speed must be constant for effective recording and 
reading. Another key element is tape tension. Insuf- 
ficient tension can cause the tape to pull away from 
the recording head, possibly resulting in recording 
skips, so that the cartridge must be designed to be 
self-tensioning. Track registration is yet another 
consideration: The cartridge and transport must 
align perfectly so that the tape will always be 



positioned against the head in the same place. 

Data reliability also depends on the subsystem 
design criteria. As with any device with rotating 
media, the system must control: 

■ Amplitude variations. The data must be put 
down with signal strengths compatible with the 
system circuitry to assure accurate recovery (read). 

■ Signal phase distortion. Such control is needed 
because distorted signal inputs yield distorted data. 

■ Pulse crowding. Bit shifting and crowding pro- 
duce soft errors in the system. When data are clocked 
down and bits shift, data are lost and reliability 
suffers. 

■ Mechanical head-tape interface. The tape-to- 
head contact must be precise to ensure that all 
cartridges perform identically. 

All that is done by the Sidewinder. 

Intelligent drive 

The Sidewinder consists of two components: the 
tape drive and a controller. The latter has been 
designed specifically for a streaming environment at 
a recording density of 8000 bits/in. The tape con- 
troller has been designed to complement the drive's 
DMA I/O architecture by incorporating a micropro- 
cessor to relieve the host CPU of such overhead 
functions as buffering, positioning the tape, detect- 
ing errors, rereading, formatting the tape, searching 
for files, and determining the read status. The 
microprocessor also minimizes the engineering 
hardware and software efforts required to interface 
the ! 4-in. streaming cartridge tape drives with a host 
CPU, as mentioned earlier. 

Interrecord gaps 

In conventional V2-in. tape systems, the recorded 
data are blocked into records that can be individually 
accessed and updated. To preserve the individuality 
of each record, the tape system must start and stop 
between records. This requirement necessitates fair- 
ly long interrecord gaps. 

The length of these gaps must be considered in 
the tradeoffs among tape utilization, the tape's 
speed, the start and stop times of the tape drive, and 
the complexity of the tape drive. Conventional tape 
systems have established themselves as cost-effec- 
tive computer peripherals that provide sequential 
access to small individual blocks of data. However, 
because of the long interrecord gaps, their tape 
utilization efficiency is typically low. 

In conventional tape cartridge systems, utilization 
efficiency can vary from less than 20% to almost 80%. 
At 80% the record length is 4 kbytes, and the 
advantages of short individual records are lost. 
What's more, the throughput rate of a start/stop 
tape unit is directly proportional to the tape utiliza- 



This approach ensures data reliability at data densities 
of 8000 bits/in. What's more, NRZI offers a lower 
bandwidth and a high packing density /area than other 
recording techniques. 

Another feature adding to the integrity and accuracy 
of the data being recovered is a variable data window. 
In addition to having separate write and read thresholds 
as conventional tape drives do, the Sidewinder, while 
checking the CRC character, factors the cell time of that 
byte by only 75% on read after write, versus a 100% cell 
time on a straight read operation. That ensures that a 
tape is never written that another '4-in. Sidewinder unit 
could not read. 

The Sidewinder uses a 48-step stepper motor for track 
registration to align tracks precisely. The motor moves 
approximately 7*4% per step. Each step has a horizontal 
up/down registration to within 0.001 in. In addition, the 
mounting plate assembly for the entire read/write head 
has adjustment screws that are set at the factory to 
control head azimuth and tilt in relationship to the outer 
and inner surface of the tape. This precise control over 
track alignment, positioning, and so on, maintains and 
guarantees interchangeability of media from one unit to 
the next. 

Speed control by the microprocessor and associated 
circuitry ensures constant nondistorting operation at 30 
to 90 in./s. The capstan motor produces clock pulses for 
each revolution of the capstan motor, which are fed to 
a comparator. Feeding into the other side of the com- 
parator is a reference frequency supplied by a crystal. 
The comparator produces an error signal if there is any 
deviation from the nominal. This signal is fed to a phase- 
modulated amplifier, which in turn drives the motor. 
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reduces the throughput drastically. 

In contrast, a streaming tape system employs very 
short interrecord gaps and keeps the tape moving 
at a constant high speed to achieve maximum tape 
utilization and data throughput rate. That makes it 
particularly well-suited to those applications that do 
not require the tape system to access and update 
individual records— like backing up disk drives. 

Minimizing the large interrecord gap reduces the 
usual penalty of higher cost for increased storage 
and performance. When applied to the conventional 
^-in. tape cartridge, streaming techniques raise tape 
utilization to a booming 97%, which makes for a low 
cost/bit ratio. The Sidewinder achieves a system 
throughput of 20 Mbytes in a little over 4 minutes 
by eliminating high-performance start/stop require- 
ments and by moving the tape at 90 in./s. 

The cartridge tape controller enables a user to take 
advantage of the cost savings afforded by a stream- 
ing cartridge tape system without the usual delays 
associated with a full engineering program to develop 
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3. The controller processes read-after-write error recovery 
automatically. Since this process is transparent to the host, 
a statistical counter is provided to inform the host of the 
number of blocks automatically rewritten by the controller. 



512-byte block (4096 bits) 



III 



Typical dropout events for Winchester disks - 3 bits 




Typical dropout event for Vt-in. cartridge tape 130 bits 
%-in. certified tape has < 6 dropout events/track 



4. Error-checking and correcting codes cannot be 
used to correct errors on the tape efficiently and 
cost-effectively. Furthermore, ECC adds cost and 
complexity to the tape drive design, in addition to 
reducing the available capacity by about 1 %. 



independent read and write cnanneis, tnree oiz-oyie 
buffer memories, a host interface, a drive interface, 
and a microcomputer. The controller makes tape 
formatting, error processing, head positioning, and 
motion control transparent to the host system. 

The host interface hardware is designed for easy 
connection to a variety of microprocessors and 
system buses (Fig 2). It consists of two programmed 
I/O control lines, two programmed I/O status lines, 
two DMA control lines, an 8-bit bidirectional bus, 
a bus direction line, and a controller reset line. 

As mentioned, the host software drivers can be 
designed with as few as two commands— read and 
write. With this software configuration, a 20-Mbyte 
intelligent drive will appear as a 20-Mbyte FIFO in 
which data is blocked into 512-byte blocks. For 
applications requiring a more conventional tape 
format, the controller has a set of seven commands 
(see Table 2). 

The streaming approach provides other benefits. 
For example, marginal areas of the tape are bypassed 
and bad records are rewritten on the fly. Read errors 
are reread automatically. The read-after-write check 
is appended to guarantee nominal read performance. 
Another benefit is that the read-after-write error 
sequence does not require host intervention by the 
host (Fig. 3). In addition, there is no need for error- 
checking and correction codes (Fig. 4). 

Since the drive automatically monitors the 
number of rewrites or rereads, the user can tell the 
performance of the cartridge. If he sees the number 
of rewrites going up and the rereads remaining 
constant, he knows that the tape is starting to 
degrade and the cartridge should be changed. 

Furthermore, the drive can generate file marks, 
which allow easy searches of individual data files 
and provide the ability to append records to previous- 
ly recorded tapes. The latter capability can be ex- 
tremely useful when employing the tape to distribute 
software. During a write operation, if the host 
system starves the tape in its streaming mode, the 
device ramps down. At the next command to write, 
it will automatically reposition, read forward to the 
last block written, and begin writing into the next 
logical block. This activity takes less than 1 second. 

To maintain a high level of integrity — or long-term 
reliability of the data written on the tape — the 
Sidewinder employs several advanced techniques (see 
"Making the Most of Tape Recording Technology"). □ 
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PAL® programmable array 
logic lets you design smaller, 
more versatile logic systems 
without compromising a 




PALs are the common sense solution for 
90% of all logic applications. And now 
Monolithic Memories offers a choice of 
15 different PALs, with more to 
come soon. 

Simple is beautiful. 

If you're using conventional logic, 
PALs— with up to 200 logic gates on- 
chip— reduce your chip count up to 
12-to-l and replace 9 out of 10 standard 
54/74 functions. 

If you're using custom logic, PALs 
give you an off-the-shelf fuse program- 
mable alternative at a dramatically 
lower cost. PALs are faster and more 
flexible than gate arrays. They let you 
breadboard on-chip, and you program 
them with a standard PROM program- 
mer. In short, they mean fast imple- 
mentation, space-saving design, and 
substantial cost savings with no sacrifice 
in performance. 

Get to know your PALs better. 

If you'd like more information on how 
PAL can save you time, space and 
CIRCLE 68 



money, fill out this coupon right now 
and send it in for a copy of our latest 
PAL brochure and data sheets. Mail to 
Monolithic Memories, Inc., at 1165 E. 
Arques Ave., Sunnyvale, CA 94086. 

Offices in London, Paris, Munich and 
Tokyo. 



| I'm interested in PALs! Please send 
full product and application data to: i 

I Name | 

Title I 

I Company 

| Address 

I City I 

I State Zip I 

| ED 9/30/81 MM- 16 | 

®PAL is a registered trademark of Monolithic 
Memories, Inc. National Semiconductor Corp. is a 
licensed alternate source for PAL . 



Monolithic fSTZf 
Memories UUflil 
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SPEAKING 

OF 
SYSTEMS.. 



New! MICROPROCESSOR SYSTEMS 
DESIGN AND APPLICATIONS (Edited by 
Dave Bursky) These selections from Electronic 
Design magazine provide a valuable appraisal of many 
of the system design aspects and applications areas 
supporting the microprocessor. Multiprocessor 
systems are examined along with their impact on 
system design. Various communication and bus inter- 
face circuits, peripheral interfaces, and guidelines on 
special test equipment and techniques are explored in 
detail. Finally, system design examples and their effects 
on the microprocessor and its support circuits are 
examined. # 0976-3, $9.95. 




< 



Hayden has 
three new books 
that speak to you! 



Available at your local computer store! 



ORDER YOUR 15-DAY FREE 
EXAMINATION COPIES NOW! 



ORDER FORM 

15-Day Money-back 
Guarantee 

Please send me the book(s) checked on 15-day FREE exam- 
ination. At the end of that time, I will send payment, plus 
postage and handling, or return the book(s) and owe nothing. 
On all prepaid orders, publisher pays postage and handling — 
same return guarantee. Residents of INJ and CA must add 
sales tax. Offer good in USA only. Prices are subject to change 
without notice. Payment must accompany orders from P.O. 
Box numbers. Name of individual ordering must be filled in. 



*0976-3 Microprocessor Systems Design 

and Application 5 9.95 

*0980-l Memory Systems Design and Applications . . . $1 1 .95 

*0897-X The S-100 Handbook Si 2.95 



Name 

Title 

Company. 
Address 



City/State/Zip 

80-039 

Send to: 

HAYDEN BOOK COMPANY, INC. 

50 Essex Street, Rochelle Park, NJ 07662 



New! MEMORY SYSTEMS DESIGN AND 
APPLICATIONS (Edited by Dave Bursky) More 
selections from Electronic Design. This book offers 
a total overview of all the developments in the area 
of memory, as well as the latest system design and 
evaluation information. Detailed coverage includes: 
dynamic RAMs, Static RAMs, ROMs, PROMs, CJV 
EPROMs, bubble memories and CCDs. Enables you 
to command optimum performance at lowest 
possible cost. # 0980-l, $11.95. 

New! THE S-100 HANDBOOK (Dave Bursky) 
Here is a thorough discussion of S-100 bus systems 
and how they are organized. This book discusses 
basic electronics, CPU memory, input/output, bulk 
memory devices, and specialized peripheral con- 
trollers. Schematic drawings of all the boards dis- 
cussed are provided for reference. And illustrations 
explain set-up information for interfacing most of 
the boards. # 0897-X. $14.50 
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publisher of 
micro- 
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books. 
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With a byte-wide family of upgradable and pin-compatible 

RAMs, ROMs, and UVEPROMs to draw from, designers need only design 

one board to fit many applications. 



Byte-wide memories keep 
system design in the family 



Byte-wide memory outputs are nothing new— 
PROMs and some low-density RAMs organized that 
way have been available for years. But a byte-wide 
family that also includes high-density, high-speed 
static RAMs (1-kbyte and larger) along with ROMs 
and EEPROMs is something else again. Typical 
organizations of 1-k X 8, 2-k X 8, 4-k X 8, 16-k X 
8, and 32-k x 8 all within the same family— give 
system designers a growth path that maintains pin 
compatibility and incremented expansion on a com- 
pact board layout. 

High-speed static RAMs like the 1-k X 8 MK-4801A 
and the 2-k x 8 MK-4802 or the medium-access-speed 
MK48D02 (with low data retention power drain) are 
just gaining the densities and pinouts to make them 
compatible with today's 16-k and 32-k UV EPROMs. 
This pin compatibility between RAMs and non- 
volatile memories is an essential element in Mostek's 
decision to take the 24-pin, 600-mil-wide package and 
develop a family of byte-wide memory products that 
includes even EEPROMs. In addition, the pinout has 
been approved by JEDEC, along with extensions that 
expand it to 28 pins for 
future growth. 

Memories in the Mostek 
"Bytewyde" family are com- 
pletely interchangeable. To 
upgrade, just pull out the old 
chip, plug in the larger unit, 
and add the extra address 
line. The family's new 28-pin 
package could handle up to 
15 address lines and up to 32 



Bill Woodruff 

Applications Engineer 
Sandy Scherpenberg 

Applications Engineer 
Mostek Corp. 
1215 W. Crosby Rd. 
Carrollton, TX, 75006 



kbytes of memory. Figure 1 shows the various 
pinouts of the current family members and proposed 
future members. (Leadless chip-carrier versions are 
also available.) 

For systems in which the total RAM capacity is 
less than 16 kbytes, the byte-wide memory products 
permit extensive granularity (sometimes called 
incremental-modular expansion) without a high 
packaging overhead or a lot of extra memory space. 
Otherwise, a system that requires, say, 8 kbytes of 
RAM couldn't take advantage of 16-k X 1 memories 
without wasting half the capacity. 

Up to now, even granularity could be wasteful. If, 
for example, a user had XI memories in a system, 
and more memory was needed, eight more chips had 
to be added (with the increment typically being 4096 
words if 4-k static RAMs were used). But if only 1 
kbyte more was actually needed, 3 kbytes went to 
waste. 

With available Bytewyde-f amily products, a single 
chip provides 1 or 2 kbytes of RAM; 8-kbyte chips 
should be available by the mid-1980s. Then, major 

areas on a printed-circuit 
board will no longer have to 
be reserved for RAM ex- 
pansion — the byte-wide 
RAMs follow the ROM and 
UV EPROM pinouts, and 
can often be plugged right 
into the nonvolatile memory 
locations. 

Getting more control 

The Bytewyde family is 
distinctive in many other 
ways, with advantages that 
extend far beyond the realm 
represented by XI memo- 
ries. 

Forexample.becausemost 
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output lines, a single control function (chip enable) 
provides complete control of the memory's output 
buffer. The individual data-in and data-out lines are 
interfaced to separate buffers, and the enable lines 
of those buffers control the interfacing of the com- 
mon I/O bus. When a bidirectional I/O data bus is 
used, an output-enable control on the memory chips 
helps control the time multiplexing of the data-in 
and data-out lines. 

When memories are pushed to their top perform- 
ance limit, however, output-enable control may be 
used improperly, which causes bus contention. One 
of the most telling examples of the need for indepen- 
dent control of the outputs in high-speed systems 
occurs during the write cycle. 

Proper memory timing requires that the write- 
enable line be brought high for a certain period 
(Wpl) before the write cycle actually ends (Fig. 2). 
This time, equal to about 50 ns in the -70 versions of 
the MK-4801A memories, allows the write cycle to be 
completed internally. 

After t WPL has elapsed, an internal read cycle of 
the memory begins. But if the chip-enable line is held 
low for too long, a read access will occur and the 
memory's outputs will turn on. Since this occurs 
during a write cycle, the memory and data-buffer 



But a separate output-enable line avoids this poten- 
tial problem and others as well. 

Bus contention also can cause problems in adjacent 
circuitry; for example, current peaks between com- 
peting outputs can reach 400 mA and couple to other 
board traces. The trace-to-trace coupling, in turn, can 
produce phantom signals that appear as soft errors. 
All these potential problems fail to materialize, 
thanks to the separate output-enable line. 

In many cases, packaging considerations play a 
major role in the selection of a particular memory 
type for a system. High-performance memories are 
available in XI, X4, and X8 organizations. The choice 
should not be made without scrutinizing the final 
memory array. 

If the array is to be 4-k X 32-bit, then the user 
needs 32 4-k X 1 chips, 32 1-k X 4 chips or just 16 
1-k X 8 chips. Should 4-k X 1 RAMs be selected, an 
overdrive condition on the address-line buffer would 
immediately surface, since the address buffer would 
have to drive 32 bus pins. To eliminate the overdrive 
problem, the array could be set up as four rows of 
eight chips each. 

If board-design rules of one driver per eight 
address lines are used, the 4-k x 1 array would 
require four sets of 14 drivers. On the other hand, 
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1 . The Bytewyde family from Mostek covers not only RAM, ROM, and UV EPROMS, but also 24 and 28-pin 
DIPs and 32-pad LCCs to provide full pin compatibility. 
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an array based on 1-k X 8 chips would require half 
as many memory chips and half as many address- 
line drivers. Also, since the byte-wide RAMs already 
have bidirectional I/O buses, half as many intercon- 
nections would be needed for the data input and 
output section. 

Limitations on the amount of room available for 
PC-board traces also enter the picture. In a Xl-device 
array, four data-in and four data-out traces must 
be run to the I/O buffers, and that's just too many 
lines to fit comfortably into the compact layout 
shown in Fig. 3. To handle all the lines, either the 
board area must be expanded to provide the space 
for the traces or multilayer boards must be used. 
In the byte-wide boards, which don't have as many 
traces, there are no space limitations. 

Within the byte-wide high-speed static RAMs, 
moreover, purely static memory cells are combined 
with a dynamic periphery. The cells use polysilicon 
resistors instead of depletion-load transistors to keep 
the cell size small. In addition, dimensional scaling 
and improvements in layout have reduced the cell 
to just 1.3 square mils — one of the smallest cell sizes 
in the industry. 

The peripheral circuitry surrounding the cells 
takes advantage of dynamic circuitry for high speed 
and low power. Clock-sense amps and clocked de- 
coder circuits let the chip respond quickly without 
consuming large amounts of steady-state power. 
Figure 4 shows the current drain of the MK-4801A; 
peaks of 136 mA occur during a cycle, with the dc 
paths in the memory consuming just 36 mA. The 
resulting average I cc is much less than the data-sheet 
specification of 125 mA. Conveniently, power con- 
sumption is inversely proportional to temperature. 
As the temperature goes up, the power dissipation 
decreases. 

Read and write cycles operate under different 
system considerations, and the MK-4801A and 
MK-4802 are designed to operate efficiently under 
that constraint. To do this, two special operating 
modes have been defined: ripple-through read, and 
edge-activated write cycle. 

The read cycle, by operating in a fully static mode 
and requiring no external clocks, provides a true 
ripple-through operation from address change to 
data output. The oscilloscope trace in Fig. 4 shows 
the associated current waveform; all control signals 
remain low. The RAM's block diagram in Fig. 5 helps 
explain how. 

All address lines feed into buffers that generate 
a sense-address-transition (SAT) pulse. The trailing 
edge of that pulse initiates the phase-1 clock and is 
generated whenever any of the address lines change 
logic states. 

The SAT detectors are the "trick" to making the 





Data bu 
32 input 32 Mne 
32 output 



Address 
drivers 
14 lines\ 
X 2 I 



58 



MK4801A layout 
17.4 in 2 



:: ■ :v , 







2. There may not be much difference in the PC-board area 
used by 4-k x 1 based systems and 1-k x 8 based systems, 
but the byte-wide designs use fewer address line drivers and 
fewer data buffers. 




3. Output-enable control on the Bytewyde-family memories 
helps eliminate bus-contention problems that could stem 
from overlapping cycles. 
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4. During the intitial turn-on and turn-off periods of the 
memory chip's clocked periphery, supply current jumps from 
a nominal 36 mA to about 1 20 mA. 
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5. The timing differences between a read cycle followed by 
another read cycle and a read cycle followed by a write cycle 
amount to about a 1 0-ns increase in the write cycle, since 
the memory-output buffers need time to turn off. 




6. Inside the MK-4801 A, the timing generator starts when the 
sense-address-transition (sat) circuitry on the address inputs 
detects the final transition on the address lines. This, and 
only this, starts the fully static read cycle. 



RAMs appear static in the read mode. Actually, 
however, there are two different types of access 
times (Fig. 6). The t AA value shown reflects the full 
rated speed of the memory — the fastest access is 
initiated when an address transition is detected, and 
is measured from the time the last address line is 
stable. The other two periods, t CEA , and t 0EA , equal 
half of t AA . (When the write-enable line is high, the 
only impact that the chip enable and output enable 
have is on the buffer, and in the read mode, that 
is all those two control lines do.) 

For data to appear at the output once the transi- 
tions are detected, the decoders select the proper row 
and columns, and the sense amplifiers detect the 
state of the cell and then feed the results to the output 
buffers. In both the MK-4801A and 4802, the data 
and data-bar lines are metal instead of polysilicon 
to keep the resistance low and thus keep the propaga- 
tion delays short. If an address transition occurs 
before a complete access cycle occurs, the phase-1 
cycle will not be completed and a new access will 
begin, with the memory outputs remaining in a high- 
impedance state. 

The advantage of an address-activated read cycle 
is speed — as most system applications would show, 
time is required to decode some of the highest-order 
addresses into the chip-enable signal. If the chip 
access time begins from the address transition in- 
stead of from the edge of the chip-enable signal, then 
the chip decode time will no longer need to be 
minimized, thus allowing the use of slower logic 
while speeding up system operation. 

Having the write cycle operate differently from 
the read cycle ensures the security of information 
stored in the array. System noise that could cause 
a read cycle to be aborted will not cause a loss of 
data, but during a write could cause incorrect data 
to be written into the memory. If, for example, a 
write cycle were to operate in the same manner as 
a read cycle, noise would be coupled into one of the 
address lines halfway through the phase-1 period, 
and the write cycle would be terminated, potentially 
leaving the eight cells in indeterminate states. 

To prevent this from happening, a signal is 
generated inside the chip as soon as both the write- 
enable and chip-enable lines go low (become active). 
The signal latches the address-line inputs and marks 
the beginning of the phase-1 cycle. For an interval, 
tffx), the row and column decoders select the proper 
cell, and during another interval, t DSW , the data on 
the I/O lines settle into the input buffers. 

When the write-enable line goes from low to high, 
the actual write starts. At this point, the phase-2 
internal clock goes active and prevents any activity 
on the chip-enable or write-enable lines from in- 
terfering with the completion of the write cycle. 
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7. The low-power DataSave feature of the MK-48D02 drastically simplifies the support circuitry needed to 
power-down a memory system. 



The 4801A and 4802 come in several versions with 
varying speeds: Write-cycle times are 80 or 100 ns, 
and ready-cycle times are 70 or 90 ns. The differences 
stem from system constraints on the bidirectional 
data bus. 

Reducing power 

Another version of the MK-4802, the MK-48D02, 
features an ultralow power-down mode called 
DataSave. This mode can be entered by holding the 
write-enable pin high (between 4 and 6 V), and letting 
V cc ramp down to V with a slew rate of 200 ns/V. 
Memory contents are maintained through the write- 
enable pin at a current drain of less than 50 at 
4 V, while all other memory inputs are in a don't- 
care condition. This DataSave feature is currently 
available on the 48D02 versions of the 2-k X 8 RAMs 
in a full range of speeds. 

Single-pin control of the memory, which both 
protects writes and saves the memory contents, gives 
the user a simple interface to the backup battery and 
control signals. This considerably simplifies the 
control needed by CMOS RAMs that use battery 
backup (Fig. 7). The electronically controlled power 
switch in both cases must be controlled by an early- 
warning system to notify the array of an impending 
power failure. 

As system speeds increase, the design of the 
memory interface becomes much more than simply 
picking up a data book and selecting parts. Cycle 
times below 100 ns require that every available 
nanosecond be usable, and not eaten up by propaga- 
tion delays and ringing. To keep this wasted time 
minimal, board design should account for high- 
frequency signal transmission. 

When the propagation delays of the circuit in- 



terconnections become significant with respect to the 
rise and fall times of the driver, the circuit behaves 
like a transmission line. If these effects are not 
considered, soft errors resulting from noise could 
occur. In systems that look like transmission lines, 
the load impedance should match the impedance of 
the transmission line for the maximum energy 
transfer. 

Mismatches in the impedance will cause ringing, 
undershoots, and reflections. To gauge some of the 
effects of transmission lines, consider a design exam- 
ple using a four-layer PC board with internal power 
and ground planes and 20-mil line and spacing rules. 
Propagation delays can run about 4 ns per foot, and 
since a row of 16 devices is 12 in. long, delays are 
large compared with the desired 5-ns rise and fall 
times. As Fig. 8a shows, undershoots greater than 
-2 V can result at the end of an unterminated line. 

The upper trace shows the signal measured at the 
Schottky driver outputs, while the lower trace shows 
the signal at the end of the unterminated line. 
Minimum voltage on any pin is specified at -1.5 V 
(for less than 50-ns duration). Since the measured 
undershoot exceeds this level, and many other 
manufacturers use levels closer to -0.5 V, proper 
termination becomes extremely critical. 

Eliminate undershoot to protect the memory 

There are many ways to minimize undershoot. One 
of the simplest is to put a resistor in series with the 
PC trace to match the impedance of the trace to the 
driver. Figure 8b shows the effect of a 43-fl resistor. 
Not only is the undershoot considerably reduced, but 
the noise on the line drops without much waveform 
degradation. The value of the resistor can be em- 
pirically determined, but too large a value will 



Electronic Design • September 30, 1981 231 



Memory Technology: Byte-wide memories 



a matched impedance while blocking the dc. 

Schottky diodes can also be used as line 
terminators, although they handle the problem of 
undershoot with more "brute force." For example, 
if a forward-biased diode were used as shown in Fig. 
9, it would start conducting at -0.3 V, and would 
damp all undershoots greater than that value. But 
because of the actual turn-on times of the diodes, 
undershoots of about -IV will occur. And even 
though the undershoot is large, it will now be limited 
to a known value, and can thus be dealt with. 

The bidirectional data bus used on the board also 
acts like a transmission line, but here the problem 




Resistors — carbon composition 

— : : : : : : . Capac ' tor — m ' ca , ; — ; , 

8. Compare the results of transmission-line measurements on memory-board traces: Whereas an 
unterminated version (a) shows a considerable amount of undershoot, a series-resistor termination 
technique (b) virtually eliminates the undershoot. A combination R-C series network (c) minimizes the 
dc-current loading, butthe capacitance degrades the signal's rise time. 
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eliminate the undershoot at the expense of transition 
time and noise immunity. 

Another termination technique shifts the problem 
from the driver to the receiver. In Fig. 8c, the series 
resistor is used as a reverse form of termination. It 
allows a single bounce from the impedance mismatch 
found when the PC trace ends. With proper termina- 
tion at the end of the line, no reflection will occur, 
and the result will be a clean signal. But a simple 
80-12 resistor placed at the end of the line would 
present an excessive dc load to the driver. The 
problem can be eliminated by placing a capacitor in 
series with the resistor to permit ac termination into 
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9. A single series resistor (a) can drive the bidirectional bus 
but when the bus goes into the high-impedance state, the 
resistor doesn't help much. The problem can be solved by 
adding a Schottky diode to terminate the line and limit the 
swing of any undershoot (b). 

is not only that a single driver drives a number of 
memory inputs, but that each memory drives the line 
during a read cycle. Here, too, a single series resistor 
located at the driver will handle the undershoot 
problem. 

The Schottky solution 

However, when the driver is in the high-impedance 
state, the series resistor will not have a significant 
impact as a line terminator, and one of the memory 
devices must serve as a line driver. Trouble is, MOS 
memories are not known as powerful drivers, and 
cannot compete for speed or low impedance with a 
Schottky device. The two circuits in Fig. 9, along with 
the resulting waveforms, show the difference a 
Schottky diode added after the last memory device 
makes. Series resistors at each memory chip would 
occupy excessive board area, and resistor-capacitor 
termination would load down the MOS drivers ex- 
cessively. 

For future designs, then, two simple rules should 
be remembered: 

1. Provide a series resistor in the address and 
control lines and, if the series resistor is not enough, 
provide an R-C shunt at the end of the trace. 

2. Put a series resistor at the data driver, but not 
between the data line and receiver when one of the 
memories drives the line, and provide for a Schottky 
diode at the end of the line to supply termination. □ 
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AMI Phone Circuits: Cunning runs in the family. 



AMI Telecommunications offers the 
most complete family of sophisticated 
MOS microcircuits for today's 
telephones. 

Six circuits are in volume produc- 
tion right now— with more just around 
the corner. But off-the-shelf delivery 
shouldn't be the only reason for choos- 
ing AMI. Performance counts more. 

AMI Standard and Custom. AMI's cir- 
cuits are developed for customers 
who can't find the quality they need 
anywhere else. Some start out as 
custom circuits and others are custom 
variations of our standard circuits. 
The result? A family of low-power 
CMOS circuits for a broad range of 
applications that meet stringent tele- 
phone industry requirements around 
the world. 

A circuit for every need. AMI S2559, 
S2859 and S2860 DTMF Generators 
combine low-voltage operation and 
the lowest tone distortion in the indus- 
try plus high tone stability over a wide 
range of voltages and temperatures. 



The AMI S2560A Pulse Dialer is a low- 
cost keypad-to-dial-pulse system 
offering input buffering and last num- 
ber redial capability. 

The AMI S2561A Tone Ringer re- 
places the mechanical bell. 

And the AMI S2563 Repertory Dialer 
saves design costs and power over 
microprocessor-based systems, while 
offering one-button dialing and oper- 
ation from telephone line power. 

Free Telecommunications Design Manual. 

Our new Telecommunications Design 
Manual is filled with information, 
technical articles and product speci- 
fications for the entire AMI family of 
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telephone circuits. To get your own 
free copy, just call or write the AMI 
sales office nearest you. 

We think, once you've investigated 
our family, you'll feel right at home 
with AMI. 

AMI: Unsurpassed in custom and 
standard communication circuits. 
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Swindon, England, SN12HU, 
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The most natural solutions in MOS. 



Nonvolatile RAMs arranged as 256 X 4 and 64 X 4 bits facilitate the 
design of microprocessor-based systems requiring permanent storage of 
such parameters as calibration data for instruments. 



4-bit-wide nonvolatile RAMs 
open up new applications 

With the appearance of nonvolatile RAMs in 4-bit- where data generated during on-line operation must 
wide configurations, designers can now enjoy the be retained when power is removed, 
benefit of these unusual memories while cutting the To illustrate how these new X4 memories can be 
chip count. These parts are unique in that they incorporated into a design, it is helpful to look first 
contain two memories in one device, a RAM and an at the interface signals of the memory and how they 
EEPROM (see "How Nonvolatile RAMs Work"). interact with a host computer. 

The RAM functions as a fully static memory. The Figure 2 shows the pin configuration of the three 
EEPROM, on the other hand, can be accessed only chips. The 254 X 4 memory, the X2212, comes in an 
through the RAM. The storage operation transfers 18-pin DIP. The X2210, organized as 64 X 4 bits, is 
the entire contents of the RAM to the EEPROM with pin -compatible with the X2212, with two unused pins 
a single TTL pulse of 100 ns or greater. The recall for the higher-order addresses. The earlier part, the 
operation transfers the contents back to the RAM X2201, has been given anew command structure, and 
with a 450-ns TTL pulse. At the end of either the new version is also being introduced with the 
operation, both memories will contain the same data. new parts. 

The block diagram of Xicor's nonvolatile RAM family The new command structure makes the non- 
is shown in Fig. 1. volatile RAM considerably easier to use. Three 

The first nonvolatile RAM was organized as 1024 changes have been made: Only one pulse is required 
X 1 bit. Although this configuration is extremely for a storage operation; a CS signal is no longer 
useful, eight chips are needed to construct a byte- required for either storage or recall; and storage is 
wide memory. Some applications, however, require blocked with a recall-low — that is, the recall line is 
less than 1 kbyte of memory, and for them the low prior to the occurrence of the storage pulse, 
designer had to buy the additional capacity even The use of a single storage pulse allows the 

microprocessor to issue a 
storage command and then 
perform other tasks without 
any further involvement in 
the storage operation. Re- 
moving CS as a requirement 
for storage and recall sim- 
plifies^ the logic to generate 
the CS signal. Finally, stor- 
age with a recall-low signal 
is a more positive way to 
ensure against an inadver- 
tent storage, since it is dif- 
ficult to guarantee a high 
from a TTL gate while the 
power supply is rising. 

To demonstrate the easi- 
er-to-use interface of the 



though he did not need it. 

Since then, two more 
parts have come out, a 64 X 
4 and a 256 x 4 device. The 
main advantage of the 
smaller part is in the storage 
of data that change infre- 
quently — for instance, tog- 
gle-switch settings in termi- 
nals or calibration data in 
instruments. The larger- 
capacity memory is more 
applicable to those uses 

George Landers, 

Applications Manager 
Xicor, Inc. 
851 Buckeye Ct. 
Milpitas, CA 95035 
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new command structure, consider the X2210 used 
with an Apple computer. The Apple II was selected 
because its address space is fully decoded for I/O 
functions and it has convenient card slots using these 
decoder outputs. In fact, three separate decoder lines 
run to each card slot. One is common for all card 
slots and is 2048 bytes located at hexadecimal ad- 
dress $C800 through $CFFF; the other two are 
exclusive for an individual card slot. For slot 6 these 
are a 16-byte block starting at hex address C0E0 and 
a 256-byte block starting at $C600. 

Adding nonvolatile RAMs to a computer 

When the Apple II is turned on, it looks for a disk 
controller card by examining the first 8 bytes of the 
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1 . The secret behind a nonvolatile RAM is an on-chip 
EEPROM that can hold the entire contents of the RAM. 



256-byte block for each card slot. When the correct 
8 bytes are found, the computer jumps control to the 
program located in the 256-byte block. 

By locating the CS signal for the RAM at $C600 
and loading the correct first 8 bytes, the Apple II 
can be fooled at power-on into turning control over 
to a program in the nonvolatile RAM. The recall line 
is tied to the reset of the Apple, and the storage line 
(labeled Store) to the 16-byte exclusive select at 
$C0E0. Figure 3 shows that no components other 
than the two X2210s are needed for the interface. 

Figure 4 is a machine-language program that 
draws a box on the screen, with the byte at $C61B 
determining the location of the upper left-hand 
corner and byte $C613 the location of the lower right- 
hand corner. When the Apple is turned on and the 
program is placed in slot 6, the box will automatically 
be displayed on the screen. The corners can be 
positioned by writing $C613 or $C61B and then 
reading $C0E0. The latter operation initiates storage, 
so that the size of the box will be different when 
the computer is turned on again. 

The preceding descriptions assume that the power 
supply of the system is clean in its power-up and 
power-down sequences. In most systems, that may 
not be the case and should not be assumed. The 
nonvolatile RAM inhibits any operations whenever 
the power supply is below 3 V, but some form of 
storage protection should be provided above 3 V. 

Storing data permanently 

There are two methods of storage protection, and 
at least one or preferably both should be designed 
into the system. The two basic actions are to ensure 
that the voltage on the storage pin follows the power- 
supply voltage or to hold the recall pin low while 
the power-supply voltage is moving up or down. The 
latter can be accomplished with a power-supply 
status signal that goes low whenever the power 




2. All three members of the nonvolatile RAM family are pin-compatible, easing many new 
designs. The X2201 is actually an updated version of an older part. 



236 Electronic Design • September 30, 1981 



supply is out of tolerance. Tying this signal to the 
input of the open-collector NAND gate in Fig. 5 
ensures that the voltage level on the storage pin 
trades the supply and that the recall pin is held low. 
An open-collector gate is used, since the output 
transistor cannot receive base current as long as any 
input is held low. 

Some of the schemes employed to provide the 
power-supply status signal involve zener diodes and 
a sense circuit to monitor either the regulated or the 
unregulated dc. Alternatively, optoelectronic ac fault 
detectors can monitor the ac line. The circuit shown 
in Fig. 6 is a simple monitor of the regulated dc. 
Whenever the power supply drops below 4.5 V, 
transistor Qi loses base current and turns off, turn- 
ing Q 2 on. The capacitor provides some delay before 
releasing the power -supply status. 

Example shows how 

Figure 7 shows an example of a design using 
storage protection techniques. The storage pin is held 
high whenever one of the inputs to the NAND gate 
is low. For a storage command to be received, several 
conditions must exist: the power supply must be 
above 4.5 V, the system reset must be high, the 
system recall must not be selected, the system write 
must be low, and the system storage line must be 
selected. Any other condition and the open-collector 
NAND gate_output will not turn on. 

The R/W line is included as a gate input, since 



3. To operate the nonvolatile RAM on the I/O bus of an Apple 
II computer, the CPU reset line is connected to the memory's 
recall line and the address decoding signal for hex addresses 
C600 and C6FF selects the two memories. 



during initiation, the microprocessor can generate 
a write command until it is fully under control. The 
recall line is pulled low whenever the power supply 
is below 4.5 V, the system reset is low, or the system 
recall is selected. 

In this case, the memory card is designed to fit 
in slot 7 of the Apple II, with a disk controller card 
in slot 6. The decoder half selected by $C0F0-$C0FF 
is used to decode the storage and recall command. 
The system store line is selected when hex addresses 
$C0F0 through $C0F3 are written or read. Because 
of the ORing of the system write command, the 
nonvolatile RAM receives only a storage command 
for a write cycle. The system recall is selected for 
hex addresses $C0F4 through $C0F7 and can be 
either a read or a write cycle. 

Fooling the Apple 

Again, if the first 8 bytes of the nonvolatile RAM 
located at hex address $C700 are correct, the Apple 
II will think that the card is a disk controller and 
give up control to the program it contains. A 1280- 
byte machine-language program could be written 
that does some tasks on power-up. This program can 
be changed at will by loading a new program from 
disk and issuing a storage command to place it in 
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4. Shown here is a machine-language program that 
demonstrates how the nonvolatile RAM works with an 
Apple II computer. The program simulates the code for a disk 
controller card and then draws a box on the screen. 
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the EEPROM. Now, the computer performs a dif- 
ferent task when it is turned on regardless of what 
disk is in the disk drive. 

One novel use of nonvolatile RAMs has been to 
replace DIP switches as holders of configuration data 
or calibration constants. Here, opting for the 
memory reduces costs, improves reliability and 
density, and allows the designer to add system 
features. Another advantage is that the system 
board can be sealed against RFI, yet permit access 
to the switches (bits in the memory). 

One memory equals 16 switches 

As few as 16 switches (two packs of 8) can be 
replaced with a single X2210 at a lower overall— that 
is, assembly as well as component — cost. For a total 
of $5, the user now gets 256 switches. Direct savings 
also result from the elimination of hardware access. 
In the past, many systems provided access doors cut 
into the cabinet so that the user could change the 
settings on the switches. With the nonvolatile RAM, 
the "switches" can be accessed from a keyboard, and 
no doors, hinges, or clips are required. 
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5. The open-collector NAND gate ensures that the storage 
pin is high whenever the power-supply status is low 
regardless of the power-supply voltage. 




6. Forming a simple monitor of regulated dc, this circuit 
provides a low signal whenever the supply is below 4.5 V. 



How nonvolatile RAMs work 



The nonvolatile RAM consists of a RAM and an 
EEPROM on the same chip. The RAM operates as a 
fully static memory such as the popular 2102A or the 
2114. The EEPROM stores or removes its data by the 
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absence or presence of electrons on a floating gate. 
Except for the method of introducing and removing 
electrons — which does not require high-voltage or 
ultravoltage light sources — its operation is similar to 
that of UV EPROMs. 

For its nonvolatile RAM, Xicor uses Fowler- 
Nordheim tunneling, a technique in which tunneling 
is enhanced through the use of textured surfaces that 
increase the local field strength. This approach ob- 





viates the use of very thin oxides to generate the 
necessary field strengths. 

The figure shows the circuit diagram of each cell 
in the memory. The floating gate (poly 2) is connected 
to the rest of the circuit through capacitors. Electrons 
are transferred to the floating gate by inducing a field 
between poly 1 and poly 2, and they are removed by 
a field between poly 2 and poly 3. If N, of the RAM 
cell is low, Q 7 is turned off. When a storage command 
is received, the internal-store-voltage node is taken 
high, and this action pulls poly 2 high through CC 2 
and CC 3 . Electrons now tunnel from poly 1 to poly 
2. If N, of the RAM cell is high, Q 7 is turned on and 
poly 2 is pulled toward ground through CC 2 , while poly 
3 is pulled high. Electrons are now removed from the 
floating gate by tunneling from poly 2 to poly 3. 

The recall operation depends on capacitive loading 
on N 2 . In this case, the value of C 2 is larger than that 
of Ci. Recall involves pulling the internal power 
supply, V CCA , to ground to equalize both RAM nodes. 
When the internal power supply is allowed to rise, 
the node with the greater capacitance will also rise, 
though at a slower rate, and the flip-flop will latch 
with that node low. If the floating gate is charged with 
electrons, transistor Q 8 is turned off, disconnecting 
C 2 from N z . N 2 then rises faster than N, and latches 
high. If the floating gate has its electrons removed, 
Q 8 is turned on and C 2 is connected to N 2 , causing N 2 
to rise slowly and latch low. 
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In addition, improvements in reliability usually 
yield cost savings from reduced rework, faster 
manufacturing throughput, and fewer returns. Non- 
volatile RAMs benefit from the general reliability 
of semiconductors, as opposed to that of mechanical 
DIP switches. Furthermore, they are easier to test 
than DIP switches and often — since some DIP 
switches cannot be wave-soldered or placed in clean- 
ing systems — easier to assemble and clean. 

As mentioned, using nonvolatile RAMs, the 
system designer can add features to a system that 
would have been impossible with DIP switches. A 
system can now be reconfigured remotely by 
telephone link or from the keyboard with software 
prompting messages. If a system does not require 
many switches, the leftover part of the memory can 
be used to store nonvolatile operating data. Finally, 
the RAM can be used independently after the system 
has been configured at power-on. 

When replacing DIP switches, data are seldom 
changed and the nonvolatile RAM functions as a 
read-mostly memory. Similarly, some systems de- 
signers are turning to nonvolatile RAMs to store 
changeable programs or firmware that can be 
downloaded over a remote line. 



The other major use of this type of memory is to 
capture critical data in the event of a power failure. 
Examples of the sort of data required after power 
failure are system status, special accounting in- 
formation, error conditions, and accumulated counts 
of events. 

In these cases, the required procedure is simple. 
The best results occur when the status of the power 
supply is sensed ahead of the regulated dc signal- 
that is, either at the incoming ac or at the un- 
regulated dc. When the sensed voltage is missing or 
low for a selected time, an interrupt is issued that 
sends a single TTL pulse to the storage pin of the 
nonvolatile RAM. The only requirement for the 
device is that the 5-V power supply remain within 
specification for at least 10 ms. During that time, 
the memory is off the bus and the microprocessor 
can take care of whatever orderly shutdown pro- 
cedure is required by the system.D 
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7. The circuit above connects nonvolatile RAMs to an Apple 1 1 bus and protects stored data 
on power-up and power-down. 
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CADDS™ 2/VLSI will speed the 



design and manufacture of even the 
densest ICs. 

It's an extraordinarily productive 
system, combining very fast interaction 
with unsurpassed ease of use. 



CADDS 2/VLSI has grown out 



of years' experience in the IC field. 
Like its predecessor, CADDS 2 /VLSI 
is accurate, flexible, and thoroughly 
reliable. 

This system is supported by 
the industry's most extensive service 
network. Users can expect ongoing 
software and hardware enhancements. 

In every way possible, 
CADDS 2/VLSI has been optimized 
to reduce the time and effort required 
to design ICs. 

We think you'll agree only 
Computervision, the leader in CAD/ 
CAM technology, could have built 
this system. 

For more information write 
David Ressler, Senior Product Manager, 



COMPUTERVISION 

We see a world transformed. 




201 Burlington Road, 
Bedford, 

Massachusetts 01730. 



The Greatest Coverage of Electronic OEM 
Design Engineers and Engineering Managers 
— WORLDWIDE. 

First Place To Address Engineering Management 



Electronic Design has been published for 
over 27 years, serving the international 
market for over 16 years. 

Electronic Design International appears in 
every issue of Electronic Design circulated 
outside the United States. It has nearly 20,000 
subscribers, of which more than 16,000 are 
concentrated in Western Europe — the largest 
of any U.S. based electronics publication. 
Pass-along projects bring international 
circulation to over 85,000 readers. 

Electronic Design is published 26 times a 
year. Its editorial pages present the most 
imminent technology forecasts throughout 
the year . . . more than any electronics 
publication. Electronic Design is the recipient 
of 8 Jesse H. Neal editorial achievement 
awards. 

Exclusive European Coverage 

In addition to worldwide technology 
coverage, Electronic Design International 
presents exclusive European product 
introductions as well as announcements of 
new developments in international 
marketing. The International section is a 
self-contained supplement appearing in every 
issue of Electronic Design circulated outside 
the United States. 

The International section also has its own 
Reader Service Card. Not only are issues 
airmailed to Europe, but the Reader Service 
Cards are collected by airmail for rapid 
processing. This is why Electronic Design's 
International Section generates more 
inquiries than any other electronics 
publication. 

Circulation/Marketing Coverage 

Electronic Design positions your message 
in the heart of the vast electronic technology 
market — worldwide. Increasingly 
electronics technology is breaking traditional 
industry lines to infiltrate almost every 
manufacturing area. For over a quarter of a 
century, Electronic Design has tracked all 
major markets to provide circulation closely 
matched to buying potential. 

Total Circulation — Worldwide . . 117,524 
Total Electronic 

OEM and End User Circulation . 108,487 
Total Number of Engineering 

Managers in the EOEM 43,451 

International Circulation 19,883 

Source: Dec. 1980 BPA Publishers' Statement — subject to 
audit. 




For more than 16 years, Electronic Design 
has steadily expanded its Western European 
coverage. In Europe ,just as in the U.S., EOEM 
design engineers and engineering managers 
control the specifications that lead to 
purchase in vast markets. Electronic Design 
reaches more of these key men than any other 
U.S. journal ... nearly 20,000! 

Comparison of Western European 
Circulation in '80 

Electronic Design 16,589 

Electronics 14,667 

EDN 12,512 

Source: June '80 BPA and ABC Publisher's Statements 

TOTAL 1980 INTERNATIONAL 
CIRCULATION 19,883 

No. 1 in Readership 

For 27 Consecutive Years Electronic Design 
has Ranked #1 in Readership. 

Out of 28 recent independent readership 
surveys conducted, Electronic Design has 
won 21. In all, 195 readership studies have 
been conducted to date. These do not include 
studies conducted across a publisher's own 
circulation list or a list generated from an 
information distribution service — but only 
those independently conducted by 



manufacturers over their own customer and 
prospect lists and authorized for publication. 
Electronic Design has won 166 out of 195 — 
five out of every six conducted! 

Advertising Acceptance 

The large share of advertising pages placed 
in Electronic Design demonstrates its 
acceptance by marketers. In 1979, over 1,000 
advertisers invested over 10 million in 
Electronic Design for a total of 3,320 pages. 
Advertising pages in 1980 exceeded 4,000 
pages. Electronic Design has led all other 
electronic publications in advertising gains 
throughout 1980. Electronic Design has been 
a leading publication in terms of advertising 
acceptance for over 25 years. 

Growth of Advertising Pages 




1976 1977 1978 1979 1980 

Advertising Results 



Advertising inquiries from Electronic 
Design's audience represent more than a 
basic measurement of readership. When 
properly handled, these sales leads show a 
high conversion to sales. In 1980 our readers 
sent in over 50,000 inquiries per issue — a 
total of nearly 1,500,000. 

Marketing Sales Aids 
Available to Advertisers 

• Editorial Scheduling and Planning Guide 

• 1980 MCC Form 

• BPA Publisher's Statement 

• Rate Card 

• Advertising Readership Reports 

• Inquiry Follow-up Studies 

• Plan-to-Purchase Product Surveys 

• BPA Audit of Specifiers by Product 

• 1980 Audit of Brand Recognition by the 
European Electronic OEM 



ElectronicDesian 



INTERNATIONAL 



Contact your Electronic Design 
Sales Representative for 
Complete Information. 



UNITED KINGDOM-SCANDINAVIA EUROPE: Belgium, Holland, Switzerland, W. J. M. Sanders, S.I.P.A.S., Tel: 

Constinet McKinHy 02997-1 303 and 3660 • France: Gerard Lasfargues, Phone: 33-1 -504-97-94 • Italy: 

50 Essex St. , Rochelle Park, NJ 07662 Luigi Rancati , Phone: 02-75-31 -445- Germany: W.J. M. Sanders, Phone: 02997-1 303 

Phone: (201) 843-0550; TWX: 710-990-5071 an d 3660 • TOKYO: Haruki Hirayama, EMS, Inc., Phone: (03) 350-5666 
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External components increase 
voltage-converter load current 



Diverting charging current from internal transis- 
tors and capacitors to external components boosts 
the maximum load-handling capacity of the ICL 7660 
negative-voltage converter more than ten times. The 
circuit shown in Fig. (a) easily provides 150 mA at 
approximately -5 to -6 V for an input of +10 V. 
The ICL7660's "barefoot" capability is only about 15 
mA. Higher-value capacitors and better switching 
transistors will further improve the performance of 
this circuit. 

A look inside the circuitry of the ICL7660 (Fig. B) 
shows that capacitor Ci charges to the input voltage 
when transitors Qi and Q 3 are turned on and Q 2 and 
Q 4 are open. When Q 2 and Q 4 are turned on, part 
of the charge on Ci is transferred to C 2 , developing 
a negative potential across C 2 . Subsequent cycles of 
charging Ci and discharging the capcitor into C 2 
bring the voltage across C 2 up to the input voltage 
level. 

Under load and during the charge cycle of Ci, C 2 
discharges part of its stored charge into R L . The loss 
of voltage across C 2 is minimized by keeping the Ci 
charge/discharge cycle time shorter than the dis- 
charge time of C 2 . The switching frequency of the 
ICL7660 is approximately 10 kHz. 

As Fig. (a) further illustrates, the bulk of the 
charging current to Ci and C 2 , and ultimately to the 
load, is diverted through bipolar transistors, such as 



+v 




Adding a few external components (a) helps extend the 
current-handling capacity of the ICL7660 negative-voltage 
converter (b) to 1 50 mA or more by diverting current from 
the internal transistors to external bipolar devices. 



the 2N4401 and 2N4403. The diode is added to absorb 
surge currents, especially when the circuit is first 
energized. 

Syed M. Ahmed, Video Engineer, Videcom 
Engineering, P. O. Box 308, Mattawan, MI b9071. 



Hardware modification expands Z80 
memory address space to 16 Mbytes 



The addressable memory space of a Z80-based 
microcomputer can be expanded to 16 Mbytes, far 
beyond the 64-kbyte limits imposed by the proces- 
sor's 16-bit address size, by a relatively simple 
hardware modification. This increase in dynamic 
memory, made practical by the ever lower cost of 
memory chips, is particularly useful for dedicated 
microcomputers manipulating large quantities of 
data in such applications as speech analysis and 
synthesis and the measurement of noisy signals by 
long-term averaging. 



PageO 



Pa 9 e n ' 



Memory 
n x 64 kbits 



1 . Traditional paging technique to increase physical memory 
addressable by a CPU are limited to 32 kbytes. 



Electronic Design • September 30, 1981 243 



IdeasForDesign 



The modification improves upon traditional pag- 
ing techniques, since it does not require the most 
significant address bit to specify whether local or 
main memory is being addressed. Instead, the circuit 
recognizes two instructions, each of which (and no 
others) can address the entire main memory. That 
frees the most significant address bit and allows each 
page to contain 64 kbytes instead of 32 kbytes, the 
maximum page size with traditional paging. The 
hardware is transparent to existing software. 

Paging is the easiest way to increase physical 
memory beyond the addressable range (Fig. 1). In 
this method, an I/O latch is loaded by the CPU with 
an 8-bit word to define a page in memory. Normally, 
page is the local page, or existing memory. 

Since the page register has 8 bits, up to 256 pages 
can be defined. However, if a program is running 
on page and data must be read from page 10, the 
new page must be loaded into the page register before 
a read instruction is executed. When the contents 
of the program counter are put onto the address bus 
to fetch the read instruction, the fetching will occur 
at page 10 instead of page 0. 

A classic solution is to use the most significant 
address bit to select either local or main memory. 
That, however, reduces the main memory size to 32 



kbytes, which is not acceptable in most cases. 
However, as shown in Fig. 2a, instructions on the 
data bus can be detected during fetching time. Only 
these instructions can be allowed to access other 
pages beyond the local. 

The timing diagram (Fig. 2b) shows that when the 
clock, 0; the inst ruction fetch signal, M^; and the 
memory request, MREQ, are low, the flip-flop will 
be set if the binary number 00000010 or 00001010 
is on the data bus. Since an instruction is being 
fetched, these numbers correspond to two instruction 
codes: LD A, (BC) and LD (BC), A. 

After the instructions are fetched, the contents of 
the page register are added to the Z80's 16-bit address 
bus and cause the instruction to be executed at the 
page defined by the page register. At the beginning 
of the next fetching cycle, the flip-flop will be cleared 
and the next instruction will be fetched from page 
0. As this approach frees the most significant address 
bit, each page, including the local page, will have 64 
kbytes. The program memory will still be confined 
to 64 kbytes (at page 0), but the data memory can 
use all 256 pages. 

Henrique S. Malvar, Assistant Professor, De- 
partamento de Engenharia Electrica, Universidade 
de Brasilia, 70910 Brasilia, DF, Brazil. 
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2. Since the most significant address bit is not required to define local or main memory, this hardware 
modification will permit the addressing of up to 64 kbytes by the Z80's 1 6-bit address (a). Only two instructions 
are required to address the entire main memory, as shown in the timing diagram (b). 
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Power-line phase detector automatically 
switches loads to correct lines 



Damage to control and power systems, caused by 
incorrect hookup to a three-phase system, can be 
prevented by using this simple automatic phase 
detector and sequencer. Although the power-line 
phase sequence can be easily determined with just 
two light bulbs and a capacitor (a), circuit (b) 
prevents operator errors by detecting the phase and 
then automatically making the correct connection. 

The industry-standard phase sequence is ABC, 
with B and C each lagging their predecessors by 120°. 
In the circuit, a 1-MO input resistor, Ri, connected 
to line A, provides a current (Ii) of 0.115 mA 
(assuming a 115-V rms line-to-neutral system). Re- 
sistor R 2 and Ci f or m an impedance of 1 MO , resulting 
in a current, I 2 , of 0.115 mA. This current, by virtue 



of Ci, leads the line B voltage by 60°. If phase B lags 
phase A by 120° (sequence ABC), I 2 will lag Ii by 
60°. Added vectorially, h and I 2 produce 0.2 mA. This 
current develops 2 V across R 3 , which in turn fires 
comparator A and relay Ki to apply the correct ABC 
sequence to the load. 

If phase B leads phase A by 120° (sequence ACB), 
currents Ii and I 2 will be 180° out of phase. The 
currents will cancel and there will be no voltage 
across R 3 . Comparator B will fire and energize relay 
K 2 . The correct ABC sequence will again be applied 
to the load. Diode D supplies a 0.6-V reference for 
the two comparators. 

Stan Rubin, Senior Engineer, Ragen Data 
Systems, 3 Oval Dr., Central Islip, NY 11722. 




A phase-detector circuit automatically connects a load to its proper lines. The voltage developed across 
R 3 determines which comparator and relay will fire to connect the proper phase sequence to the load. The 
currents I, and l 2 , which add vectorially to produce the voltage, are determined by the line's phase sequence. 
Since the neutral line is connected at all times, all hot lines must be switched simultaneously. 



Winner for September 3, 1981 

"PLL synchronizes switchers 
to end intermodulation noise" 

Paul M. Baggenstoss, Design Engineer, 
Raytheon Co., Submarine Signal Div., P.O. Box 360, 
Portsmouth, RI 02871. 



Send us your Ideas for Design. 

Submit a description of an important new circuit 
idea or design technique exclusively to 
Electronic Design. You will receive $50 for each 
published idea. Ifyouridea is voted best-of-issue 
by our board of judges, you become eligible for 
the annual award of $1 000. 



246 Electronic Design • September 30, 1981 




Use Oar "Gold" 
And Less Of the Real Thing. 



You're looking at beryllium 
copper. In spring contacts for 
electronic connectors, beryllium 
copper's combination of high 
strength and conductivity allows 
component makers to be just a 
little more selective in their use 
of gold. 

Compared to other materials 
commonly used, beryllium 
copper terminals can be made to 
narrower widths and thinner 
gauges without loss of perform- 
ance. Smaller size means less gold 
is required for overall flashing or 
plating. 

With beryllium copper, it's also 
possible to crowd more terminals 
onto a length of strip. If there is a 
gold inlay or plated strip for the 



contact surface, as there often is, 
the tighter spacing also econo- 
mizes on gold. 

Small improvements. But 
with the price of gold, they might 
have tremendous impact on the 
component's price. 

To meet the need for higher 
performance contact materials, 
Brush Wellman produces 
beryllium copper over a wide 
range of strength and hardness 
levels. In addition to the regular 
grades, special tempers are pro- 
duced to meet the most exacting 



user specifications. 

Our latest product offering is a 
more formable version of our 
Alloy 190, a prehardened material 
designed to reduce processing 
costs for easy-to-form terminals 
and sockets. Send for free 
literature on this improved alloy 

For beryllium containing alloys, 
come to the source. Brush 
Wellman is a fully integrated 
producer of beryllium, and is 
currently expanding its facilities 
to meet the growing need for this 
highly versatile material. 



BRUSHWELLtM]^ 

ENGINEERED MATERIALS 

17876 St. Clair Avenue • Cleveland, Ohio 44110 
(216) 486-4200, Ext. 252 
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essential 
editorial package 
of any electronics 
publication. 



Electronic Design's 
International Section appears 
in every issue of Electronic 
Design circulated outside of 
the United States. It has more 
than 20,000 subscribers, of 
which more than 16,000 are 
concentrated in Western 
Europe — the largest of any 
electronics publication. Pass- 
along projects the total 
international circulation to 
85,000. 



The most essential editorial 
package of any electronics 
publication for today's 
engineer and engineering 
manager is published 26 
times a year in Electronic 
Design. Its editorial pages 
present the most imminent 
technology forecasts 
throughout the year — more 
than any electronics 
publication. 

In addition to worldwide 
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design centers 
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technology coverage, the 
new International Section 
presents European product 
introductions as well as 
products for international 
marketing outside the United 
States. The section is a self- 
contained supplement 
appearing in every issue 
of Electronic Design 
circulated outside of the 
United States. 

The section concludes with 
its own Reader Service Card. 
Not only are the issues 
airmailed to Europe, but the 
Reader Service Cards are 
collected by airmail for rapid 
processing. This is why 
Electronic Design's 
International Section 
continues the Electronic 
Design tradition of generating 
more inquiries than any other 
electronics publication. 

With this essential editorial 
targeted to the leading 
decision-makers in the 
international electronics 
marketplace, a lot of our 
advertisers have had to learn 
to translate "sales" into many 
languages. 



EleclionicDesign 

First place to address 
engineering management* 
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Products 



Built entirely out of CMOS components, this development 
system for the 1802 family speeds things up with a color display. 



Low-cost development 
system uses color for speed 




Low power, low price tag — and 
a color display for fast and easy 
program development: All 
characterize the CDP18S695 de- 
velopment system. Developed by 
RCA for the 1802 family of 
microprocessors and costing just 
$1499, the all-CMOS development 
system consists of a 10-in. color 
monitor, a full alphanumeric 
keyboard, two cassette-tape re- 
corders, a card cage, and four 
microboards. The four include a 
CPU card, a combined memory 
and tape controller board, a video- 
display board, and a PROM pro- 
grammer board. 

Color offers several advantages 
over monochrome displays: It 
permits faster and easier screen 
editing, because inputs and 
responses can be different colors; 
cursors and prompts can be dif- 
ferent; and colors can be used to 
show the programming mode. 

What's more, since the entire 
system uses CMOS technology, 
the power needs are so low that 
the entire power supply for the 
boards consists of a plug-in wall 
transformer. 

Software that comes with the 
system includes ROM-based 
floating-point Basic, some system 
utilities, and an 1802 assembler- 
editor. Included on cassette is the 
control software for the PROM 
programmer and an interpreter 



Dave Bursky, Senior Editor 



for RCA's VIS CRT-control chip 
set. 

Thus, the system can be used 
to develop software not only for 
1802-based microprocessor 
systems, but also for systems that 
will use the video display chip set. 
The development system serves 
as a hardware test bed that makes 
custom display-control software 
easy to develop. 

The VIS chip set offers a flex- 
ible color CRT controller, which 
has a programmable character 
font, an audio output, and a video- 
overlay capability. Also 
fabricated in CMOS, the VIS chips 
offer the lowest power dissipation 
of any of the available chip sets 
on the market. 

In addition to the firmware in 
ROM or on cassette, RCA offers 



a time-share users' group, which 
operates over the CompuServe In- 
foservices Network based in Col- 
umbus, OH. When a user buys the 
CDP18S695 (or the smaller 
18S693 and 694, the disk-based 
008, or one of the VP-3300-series 
terminals), it comes with some 
documentation and a coupon good 
for one hour of nonprime-time 
connection to the CompuServe 
system. The user need only load 
the desired communications 
software and connect a modem to 
the development system. 

Exhibited for the first time at 
Wescon/81, the color develop- 
ment system is now available 
from stock. 

RCA, Rt. 202, Somerville, NJ 
08876. Ed Folger (201) 685-7363. 

CIRCLE 306 
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A nC board, memory boards, and remote I/O boards add up to a 
multifaceted system for process control and instrumentation. 



Boards mate industrial control 
with 68000 capability 



Industrial process-control and 
instrumentation applications 
now have easy access to the high- 
performance 16-bit 68000 micro- 
processor. The link is a series of 
board-level products revolving 
around a 68000-based microcom- 
puter board (ELECTRONIC DESIGN, 
Sept. 17, 1981, p. 32). 

Besides the VM02 board, there 
are the VM90 combination mem- 
ory, I/O, and time-of-day clock 
module; the VM11 dynamic-RAM 
board; the RAD1 remote in- 
telligent a-d converter module; 
the R101 remote digital I/O 
board; and the RSC1 remote serial 
converter module. 

The microcomputer board's 

Jonah McLeod, Instruments Editor 



local bus ties-on the three remote 
cards, for the system's real-time 
interfaces. Other peripherals- 
say, extra memory, I/O, counter- 
timers— connect to the microcom- 
puter board via a VERSAbus. 

The VM02 board offers stan- 
dard 68000 performance features: 
56 instruction types; memory- 
mapped I/O; 14 addressing 
modes; 16 32-bit data, address, 
and stack registers, five data 
types including bit, byte, word, 
long-word, and BCD; 256 
multilevel vectored interrupts; 
and interlock instructions to han- 
dle multiprocessor operation. 

To expand system memory 
beyond 256 kbytes, the designer 
can add one or more of the 512- 
kbyte VM11 dynamic-RAM 












boards. Packed full of 64-k RAM 
chips, the memory also contains 
error detection and correction in 
the form of a modified Hamming 
Code, to detect all multibit errors 
and correct any single-bit faults. 
The VM80 board provides up to 
128 kbytes and 256 k of extra 
ROM/PROM/EPROM; three 24- 
bit programmable timer/count- 
ers; two multiprotocol RS-232C 
serial-I/O ports, and six parallel 
I/O ports. 

To connect to real-time process 
control, the RAD1 a-d-conversion 
module provides 32 single-ended 
or 16 differential a-d channels. 
Converter features include to 
10-V and ±10-V conversion 
ranges with 0.05% full-scale ac- 
curacy, 12-bit conversion at 25-ms 
conversion time, ±100-V input 
and ±32-V channel-to-channel 
voltage protection, and 80-dB re- 
jection for both common-mode 
and channel-to-channel crosstalk. 

The other remote I/O board, the 
RI01, has its own 6809 8-bit 
microcomputer for interface to 
the main system microcomputer. 
The board accepts any mix of up 
to 16 Crydom Series 6, Opto-22, 
or other compatible solid-state re- 
lay input and output modules. 

In single quantities, the cards 
range from $180 to $6000. 

Motorola, 2200 W. Broadway 
Rd., Mesa, AZ 85202. Bill 
Crawford (602) 962-2156. 

CIRCLE 311 
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A Schlumberger Company 



Introducing our 93422A 
and 93L422A. 

Our two new RAMs are the fastest 256x4-bit 
TTL RAMs in the world. Period. 

Thanks to our Isoplanar process, we're 
talking about dramatic improvement in access 
times without having to increase power. 

With our low-power RAM, you get 45 ns. Our 
regular-power RAM, 35. 

And if you think our access times are good, 
just take a look at our power-dissipation specs. 
The 93422A gives you 775 mW commercial, 
850military.The93L422Agivesyou400and450. 

If that's not enough, both parts are ready for 
delivery right now. 



So give us a call and we'll give you more 
information on our new RAMs. 

They're the ones that are leading the pack. 

For more information, call or write Fairchild 
about the 93422A and the 93L422A. Fairchild 
Bipolar Division, Drawer #7283, Mountain View, 
CA 94042. Telephone: (415) 962-3951 . TWX: 
910-379-6435. 

Franco: Fairchild Camera & Instrument SA. 121 Am d'ltali®, 75013 Pai is 
iri 331 S84 !>:• «i ii'icx on-i:' Awn itaiv i ciirchild Semicondiittoti 
S.RA.,-Vial» Corsica 1 20133 Milano 1<-l tvitUHXii :> Telex §43*330522 
Germany: Fairchild Cameia & Instrument (Deutschland) GrnbM, 8046 
Garching Hochbruck, n.iimiKisti t'i Muiwhen Tol 089320031 Telex 
52 4831 fair d England: Fairchild Camera S In-ilmnwnl il IK) I tit 230 High 
St., Potters Bar. Hertfordshire I N6 5BU lei 0707 51111 1<-l< >v ?6?835 
Swodon: l~.nn. hild Semirondurtoi At! Svartengsgatan ii .'i 1 f/620 
Stockholm loi H-4492fi!j li'i.-\ I /7S9 Japan*. Fairchild Japan 
Corporation. I'- Hi lild-i . 1 t:> ;' t : -•• :■.,■..! StulHiya Ku, ' -i-.\ • '*•** lei: 
034008351 1. -> 242-ii;3(iFCTYOJ) Hong Kong: Fairchild 
Semiconductei IHK) Ltd . 135 I loi Bun Road Kwun Tong, Kowloon lef 
:' -1.10233 li'l.-x I tX /:^..i 1 




Fairchild Camera and instrument Corporation 



RAMs that really make tracks. 
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COMPUTERS 



Desktop computer puts graphics within reach 



A compact stand-alone desktop 
computer from North Star called 
the Advantage produces pie 
charts, bar diagrams, and three- 
dimensional graphic images on its 
12-in. bit-mapped display — all for 
under $4000. 

The unit is built around a 4- 
MHz Z80 and 64 kbytes of RAM. 
An additional 20 kbytes of RAM 
supports the bit-mapping fea- 
tures. Along with the main CPU, 
the Advantage contains a 2-kbyte 
bootstrap PROM and an auxiliary 
8035 microprocessor to control 
two 5W-in. floppy-disk drives and 
an 87-key Selectric-style key- 
board that reside within the 
system enclosure. 

The 12-in. display shows up to 
1920 characters in a 24-line, 80- 
column format. Graphics up to 
240 x 640 pixels in size, with a 
resolution of 1 bit/pixel, are dis- 




played on the CRT's P31 green- 
phosphor screen. 

Nine symbol or control keys, 49 
standard typewriter keys, a 14- 
key numeric/cursor control pad, 
and 15 programmable function 
keys incorporated on the system's 
keyboard are protected against n- 
key rollover — entry error caused 
by near-simultaneous depression 
of several keys. 

Six slots in the unit's chassis 
accommodate plug-in cards to 
provide both a parallel interface 
for external printers or hard-disk 
drives and an RS-232 serial in- 



terface. An optional proprietary 
board performs floating-point 
arithmetic with 14-digit results. 

Graphics CP/M, a compatible 
superset of CP/M, allows users to 
take full advantage of extensive 
graphics and also run all CP/M- 
compatible software. Graphics in- 
clude four distinct geometric 
functions to draw points, lines, 
and numerous two-dimensional 
figures. 

An extensive series of applica- 
tion software modules, including 
a managing operating system 
called ASP, written in the C 
language performs general ledger 
and accounting and inventory 
functions, word processing, and 
mailing-list preparation. 

North Star Computers, Inc., 
lhhhO Catalina St., San Leandro, 
CA 9^577. U15) 357-8500. 

CIRCLE 305 




Specialists 
in the 
Measurement 
of 

Magnetic 

for 
Memory 
Technology 

If your problem is Measuring • Hard or Soft 
Magnetic Materials • BH Curve • Induction • 
Coercive Force • Energy Product • 
Permeability • Core Loss • High Frequency 
Measurements • Magnetic Moment • or 
Magnetizing Permanent Magnets such as • 
Rare Earth • Alnico • Ferrite • or Degaussing 
or Demagnetizing, contact 
LDJ APPLICATIONS ENGINEERS. 











t 







Thin Film BH Meter 
LDJ Model 10000 



Digital Readout: 

• Saturation Induction 

• Coercive Force 

• Kobolev Coercive Force 

• Sample Angular Position 

• Field Intensity 

Fast, easy evaluation of thin film magnetic materials 
Accurate to 1 % and better 



Measures: 

• Normal BH Loop 

• Crossfield Loop 

• Anisotropy Properties 

• Magnetostriction 



Magnetoresistance Measurement 
LDJ Model 1000MR 

• Evaluate magnetoresistance properties 
of magnetic thin films 

• Digital readout of resistance, probe 
voltage, applied field, probe current 
and angular position 



LDJ Electronics, Inc. World Leader in Magnetic Measuring Instruments 
1280 E. Big Beaver Rd., P.O. Box 219, Troy, Michigan 48099-0219 • U.S.A. 
Telephone: (313) 689-3623 TWX: 810-232-1509 LDJ TRMI 
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16-bit computer Da sea on 
UNIX serves business 




A multiuser 16-bit computer 
system based on ZEUS, an 
enhanced version of the UNIX 
operating system, the System 
8000, comes prepared for the 
general business environment. 
Operating-system enhancements 
include a visual editor utility 
suited for word-processing and 
other text-oriented applications 
such as general accounting, elec- 
tronic mail, and MIS reporting. In 
addition, the system handles ran- 
dom records in large files (up to 
1 Gbyte). The enhancements do 
not affect the UNIX kernel; 
therefore, UNIX programs de- 
veloped on other systems can be 
transported. A CPU card based on 
a 6-MHz segmented Z8001A pro- 
cessor features three on-board 
memory management units that 
support segmented or non- 
segmented processes. The system 
supports up to 1.5 Mbytes of 
error-correcting memory, im- 
plemented in 256-kbyte memory 
array cards. Up to four 24-Mbyte, 
8-in. Winchester disk drives 
and 17-Mbyte cartridge tape 
backup units are handled by two 
controller boards. The standard 
system configuration includes 
eight serial synchronous/ asyn- 
chronous communication ports. 



support eight serial lines each are 
optional. The basic system, the 
Model 20, includes the CPU board, 
two drive controllers, 256 kbytes 
of ECC memory, one 24-Mbyte 
Winchester disk drive, one 17- 
Mbyte cartridge tape drive, eight 
serial I/O ports, and all ZEUS 
software. 

Zilog, 1031*0 Bubb Rd., Cuper- 
tino, CA 95011*. U08) U6-U666. 
$29,950. CIRCLE 315 



Manager monitors 
768-channel network 

The Alpha Star network man- 
ager, a floppy-disk-based micro- 
computer, permits users to 
monitor and control from a single 
site a statistically multiplexed 
data communications network 
consisting of up to 768 channels 
transmitting over as many as 32 
independent data links. The 
manager operates through the 
supervisory port of up to 16 
Timeplex Series II multiplexers to 
permit any one of the units to act 
as the control station. The 
manager automatically and con- 
tinuously checks all data links 
and creates and stores a statisti- 
cal data base on system opera- 
tions. A report generated from 
the data base is automatically 
printed out every 24 hours, or at 
any time by operator command. 
The report indicates what links, 
if any, are degrading and at what 
rate. The report also shows the 
level of system activity for each 
data link. The manager comes in 
two configurations: ASM-1, which 
includes a controller, video termi- 
nal, printer, and desk console; and 
ASM-2, which consists of a rack- 
mountable control unit and a 
terminal. 

Timeplex, Inc., 1 Communica- 
tions Plaza, Rochelle Park, NJ 
07662. (201) 368-1113. $U,500 
(ASM-1), $13,700 (ASM-2); 13 
wks. CIRCLE 316 



muiuuua uuaiu wunuuia 



hard and floppy disks 




A single controller board that 
fits Multibus backplanes, the 
FWD8001, supports two Shugart 
SA1000 or Quantum 2000 8-in. 
Winchester disk drives plus two 
Shugart 800/850 floppy-disk 
drives to interface over 70 Mbytes 
of storage. The controller oper- 
ates with single-head and double- 
head floppy-disk drives that use 
IBM 3740 single-density or IBM 
2/2D double-density formats. In 
addition, the board supports the 
Intel 202 double-density format to 
permit program and data ex- 
change with the Intel develop- 
ment systems. 

Scientific Micro Systems, Inc., 
777 E. Middle field Rd., Mountain 
View, CA 9m3. (415) 964-5700. 
$11*00 (100 qty); 7 to 9 wks. 

CIRCLE 317 



STD bus CPU card 
incorporates M6809 

A CPU card compatible with 
the STD bus, the 7911/CP9, in- 
corporates Motorola's M6809 mi- 
croprocessor and 1 kbyte of RAM, 
which is expandable to 4 kbytes 
of on-board program support in 1- 
k increments. Interface with ex- 
ternal RAM via the bus expands 
the primary system memory to 64 
kbytes. Sockets on the card accept 
2716 or 2732 EPROMs. A secon- 
dary memory mapping feature 
allows bank selection under 
software control for enabling ad- 
ditional associated memory and 
I/O cards. 

Matrix Corp., 1639 Green St., 
Raleigh, NC 27603. (919) 833-2837. 
From $21*0 (100 qty); stock to 2 
wks. CIRCLE 318 
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Technica 





nockouts 
Contender 



We're The Contender- Hybrid Systems. And we're taking on the data conversion "heavyweights" 
with our technical strength and the most advanced, state-of-the-art production techniques 
in D/A and A/D conversion. 

We know the other guys are tough. But they're vulnerable, too. 

For example, who else but Hybrid Systems has a leak-proof commercial package 
that is patented? Nobody. 

Our completely sealed package features a unique combination of materials that 
prevent any mismatch in thermal coefficient due to temperature extremes. Surface 
cracks, loose pins, and many other weaknesses typical of ordinary packages are elimi- 
nated. All components are arranged in an open cavity, away from messy epoxy thereby 
knocking out mechanical strain, chemical degradation, and moisture problems. 

The result is data conversion products so reliable, they've moved up to a class of 
their own. In this new class, the powerful winning combination of price/performance is 
in the hands of no one else but Hybrid Systems. The Contender. 

We mean it when we say we're the Contender. We know we're going to have to 
work even harder to get you into our corner. But once you see what we can do, you'll make 
going with Hybrid Systems a unanimous decision. 

Call us today at (61 7) 667-8700, or write Hybrid Systems Corporation, 
22 Linnell Circle, Suburban Industrial Park, Billerica, MA 01 821 . 

The Contender Weighs In With Five Knockout Products 





DAC 9331-16 

The first D/A converters 
with 16-bit resolution and 
linearity using monolithic 
l/C technology. Puts every- 
one else with 2"x4" 
modules down and out 
for the count. 



DAC 9356 

DAC80compotible. 
Lowest cost, complete, 

low-power, 12-bit 
D/A converter available. 

The one to have in 
your corner when building 
systems that employ 
several DACs. 



HS9338 

Complete, microprocessor- 
compatible, memory- 
mapped, 12-bit, double- 
buffered D/A converter. 
An all-around winner. 



DAC 9377 

Complete, buffered, voltage 
output D/A converter 

with 16-bit resolution and 
linearity. Flattens the 

competition's best price. 



HS DAC 80 

Low cost general purpose 

12-bit D/A converter 
packaged in a 24-pin DIP 
This one-two combination 
of price and performance 
has the "heavyweights" 
on the ropes. 
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Technological leadership. 



Motorola presents the 
It's the beginning of the end 





Today's technology in optocouplers is a far cry 
from the early days of simple, discrete, emitter-to- 
detector light transfer in a plastic box. 

For many years Motorola's been the industry 
innovator and leading-edge source for advanced 
coupler technology, premium isolation protection, 
superior current transfer ratios and unique, complex 
functions with significant design advantages. 

Now we eliminate the biggest coupler bugaboo 
of all, one that's consistently troubled designers 
seeking true, long-term performance and reliability 
— IRED degradation — and offer you couplers with 
phenomenal long-term performance and reliability. 

Light-years of performance. 

Crystal-stress, assembly damage, impurities 
and improperly designed metallization can alter the 
light-emitting mechanism leading to inefficiency 
and too-early, and observable, degradation. 

And, if the IRED slips to less than 50% of initial 
current-transfer ratio, sometimes within a few 
hundred hours, the circuit's in trouble. 



Motorola technology solves all this through 
exclusive use of Liquid Phase Epitaxial processing 
allowing stress-free, GaAs crystal growth . . . errorless, 
automatic die and wire attach... continuous process 
audit to monitor LED life characteristics ... assembly- 
integrated die passivation... and non-mobile 
aluminum contacts to ensure junction integrity. 

The detector's top-quality too, with stable, 
reliable devices resulting from conservative real 
estate design, nitride passivation, metal relief 
plates over critical areas and automatic assembly. 

The effectiveness of what we've done is summed 
up like this: after 1.5 million device hours of 
documented, accelerated, long-term stress testing 
only 10% of the IREDs had degraded anywhere 
near marginal capability. And even these could still 
acceptably perform their functional purpose. 

The package makes it perfect. 

Motorola provides an all-transfer-molded, 6-pin 
DIP unit uniformly constructed with epoxy. No 



million-hour optocoupler 
for IRED fadeout 





WHAT WE TESTED — 





IRED 




Group 


Sample Size 


Number of Hours 


r.i a 


108 


168, 500, 1K, 2K, 3K 


B 


200 


500, 2K 


* : C 


26 


168, 500, 1K 


D 


53 


168 


E 


49 


168, 500, 1K 


fi F 


50 


168, 500, 1K 


Q 


322 


500, 1K 


H 


38 


168, 500, 1K. 2K 


1 


86 


168, 500, 1K 


J 


100 


1 68, 500, 1 K 




1032 





-1,441,904 Total Device Hours 



WHAT THE RESULTS WERE — 



180 




S CURRENTS 50 mA 
MEASUREMENT CURRENT ss 10 mA 
TA = 2S°C 

'UPPER 10% 
MEDIAN 

- LOWER 10 9& 



CTR lifetime projection exceeds Itmllron 
hours based upon degradation of lower 
decile to50°o of Initial value 
, , 



100 



IK 10K 
STRESS TIME, HOURS 



100K 



glass or plastic slides, no air gaps, no tradeoffs. Our 
innermold encompasses almost 60% of the coupler 
body, providing as much as 10 times the interface 
distance of competitive designs, and results in 
mechanically and electrically stable construction 
with excellent integrity and stability. It's the best- 
designed coupler package you can get. 

Minimum spec'd isolation voltage is 7.5 kV 
peak — on every Motorola unit. They're UL- 
recognized at 5 kV, File No. E54915. 



Applications unlimited. 

Motorola has more optocouplers specifically 
designed for AC line control than anyone else. SCR 
and Triac output types. Standard and zero-crossing, 
250 and 400 V. Standard and sensitive-gate. Plus 
4N's, Hll's and TIL's. And, our production capacity's 
doubled within the past year to meet the explosive 
growth facing the optical coupler industry. 







TRIGGER 


BLOCKING 


COUPLER 


OUTPUT 


CURRENT 


VOLTAGE 






m A-Max 


Pk-Mfn 


MOC3002 


SCR 


30 


250 


MDC3DD3 


SCR 


20 


250 


M0C3D07 


SCR 


40 


200 


rinc: 


SCR 


20 


200 


hi ice 


SCR 


20 


200 


K1IC3 


SCR 


30 


200 


MOC3009 


Triac Driver 


30 


250 


M0C3010 


Triac Driver 


15 


250 


M0C30II 


Triac Driver 


ID 


250 


MOC30ZO 


Triac Driver 


30 


400 


M0C3021 


Triac Driver 


15 


400 


MOC3030 


Triac Zero Cross Driver 


30 


250 


M0C3031 


Triac Zero Cross Driver 


15 


250 


M0C3O40 


Triac Zero Cross Driver 


30 


400 


M0C3041 


Triac Zero Cross Driver 


15 


400 



They're all available from one of the industry's 
largest distributor network, in quantity, at 
competitive prices. 

Contact your local source or write Motorola 
Semiconductor Products, Inc., P.O. Box 20912, 
Phoenix, AZ 85036 for complete data, a free copy of 
our new Optocoupler Reliability Report or the new 
Motorola Optoelectronic Data Book for just $3.25. 

Incorporate million-hour optocoupler technology 
in your next 

Innovative systems 
through silicon. 



MOTOROLA INC. 




frO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix. AZ 85036. ^ 

■ Please send me information on Optocouplers. 

■ 108 ED 9/30/81 



■ Name 

' Title 

J Company 
_ Address _ 
j City 

■ State 



Tel.: ( L 



Mail Drop_ 



ZIP 



ideal location? 

A PRIME 

fo"s£ u c5a^n INDUSTRIAL AND 

not available COMMERCIAL COMMUNITY 



New 

Newark. X° rk 



pohatcongX% 



• %\ 

Trenton 

Philadelphia • 
. Camden 



s fo. 



Atlantic 
City 



For 

information, 
write to: 




POHATCONG 
INDUSTRIAL COMMISSION 

P.O. Box 570-ED 

Phillipsburg, New Jersey 08865 
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AN OPEN DOOR TO INDUSTRY 



Moving? 

1 . For FASTEST service you must at- 
tach old mailing label in space below. 



03 



-o ' 



I— 

oo 



5 CO 
5 CO 

<C LU 

Q- S S Q >■ 
. <t O O — 
NZO<0 



3. Mail to: 

Electronic Design 
P.O. Box 13803 

Philadelphia, Pa. 19101 USA 



Beeping DMM snares fast 
pulses for logic testing 



With the addition of logic test- 
ing facilities and a fast peak-hold 
function, the Roadrunner II hand- 
held digital multimeter from 
Weston Instruments becomes the 
only piece of test equipment 
needed for a wide variety of field 
service work on microcomputer 
systems, peripherals, and busi- 
ness machines. One of a new breed 
of "audio-response" testers, the 
Roadrunner II gives its user six 
functions in 29 ranges. Measure- 
ments are displayed on digit, 
0.5-in. LCD readout. 

The instrument catches logic 
pulses as fast as 100 n$ and is 
TTL-level compatible, making it 
the right tool for testing the ma- 
jority of present-day digital IC 
circuits. Pulse-stretching and 
peak-hold capabilities, for voltage 
and current changes as fast as 50 
ms, make it possible to detect very 
brief nonrepetitive deviations. As 
with its analog testing functions, 
the Roadrunner II alerts its user 
to threshold crossings with an 
audible and a visual indication. 

Threshold levels for both 
audible and visual response can be 
set at 2 V for semiconductor test- 
ing, at 2 for continuity checks, 
and at 20 for determining con- 
tinuity in high-resistance circuits. 
With its mode-selection switch in 
the "A" position, a tone will in- 
dicate an input greater than the 
selected threshold. To follow a 
value which drops below a 
threshold, the mode switch is 
placed in the "V" position. Both 
annunciators, on simultaneously, 
indicate a voltage passing 
through the threshold. Voltage or 
resistance below a threshold ap- 
pears as a "V" annunciator. 

Harold Winard, Associate Editor 
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The peak-hold function, used 
for measuring transient signals, 
offers accuracies to within ±(3% 
of reading + 15 digits). Acquisi- 
tion time for a square pulse is 
typically 30 ms, 50 ms maximum. 
Ac acquisition time is 0.8 s typical 
of rated accuracy. 

For general service work, the 
Roadrunner covers a dc voltage 
range of 100 mV to 1000 V with 
an accuracy to within ±(0.1% of 
reading + 2 digits). The ac range 
extends to 750 V rms. The resis- 
tance scale measures from 100 SI 
to 10 Mil. 

Dc current from 1 mA to 1 A 
is measured with an accuracy to 
±( 0.5% + 1 digit). Ac current 
accuracy is to within 1.5%, ±3 
digits from 1 mA to 1 A. 

The Roadrunner II costs ap- 
proximately $240 and is available 
from stock. 

Weston Instruments, 6U Frel- 
inghuysen Ave., Newark, NJ 
071 U. (201) 242-2600. 

CIRCLE 308 



ONLY VMOS POWER 
OP AMPS? 



^TELEDYNE PHILBRICK 



Call them high speed op amps with more muscle 
than previously available or power op amps with 
more speed than previously thought possible, but 
Teledyne Philbrick's 1460 and 1461 are still the first 
and only op amps with VMOS FET output stages. 
SOA restrictions and secondary breakdown problems 
are no longer a concern. The 1461 has a FET input, a 
guaranteed ±30V, ± 600mA output, an incredible 
1200V//tsec slew rate, and an astonishing 1GHz GBW 
product (15M Hz operating bandwidth). The 1460 has a 
guaranteed ±30V. ± 150mA output, a 300V//isec slew rate 
and a 1GHz GBW product. Teledyne Philbrick is a leading 
manufacturer of precision, high speed and high power op amps 
for both military and commercial applications. We also manu 
facture extremely fast A/D-D/A converters, V/F-F/V converters 
and S/H amplifiers. 





WTELEDYNE PHILBRICK 



Get YOUR hands on the latest specs for Teledyne Philbrick 
VMOS power op amps! 

O Send me data sheets Q Have a local representative call 

My application is: 

Name 

Company 

Add ress 

City 



Title 
Tel. _ 



State . 



M/S. 
Zip- 



■WTELEDYNE PHILBRICK: Allied Drive @ Route 128, Dedham, MA 02026 

Tel: (617) 329-1600 ED (B) 
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Electronic Design 
Editorial Reprints can 

help you spot the 
trends all year long. 

D 101. Designing LSI-based tele- 
communications systems. A 

six-part series of design engineer- 
ing articles. (32 pages) $4.00 

102. LSI for telecommunica- 
tions design. A two-part series on 
the wide range of new LSI devices 
emerging as the basis for new 
telecomm systems. (28 pages) 
$4.00 

D 103. Designing data-communi- 
cations systems. A five-part series 
of design engineering articles. 
(40 pages) $4.00 

□ 104. The bubble-memory design 
challenge. A four-part series of 
design engineering articles cover- 
ing devices from Texas Instruments 
and Rockwell, as well as magnetic- 
bubble system test techniques. 
(20 pages) $4.00 

D 105. Designing bubble memory 
systems. A five-part series of 
design engineering articles cover- 
ing devices from Texas Instruments, 
National, Fairchild, Intel and 
Rockwell. (28 pages) $4.00 

106. Designing 16-bit microcom- 
puter systems with the MC 68000. 

A four-part series of design 
engineering articles. (20 pages) 
$4.00 

LJ 107. Programming in Pascal. A 

six-part series of design engineer- 
ing articles. (36 pages) $4.00 

108. Fiber optics— Assessing a 
new technology. A five-part series 
on new components, cables, and 
systems applications. (20 pages) 
$4.00 

109. Fiber optics— Designing 
with a new technology. A five-part 
series of design engineering ar- 
ticles on coding, analog transmis- 
sion, connectors, emitters and ter- 
minations. (24 pages) $4.00 

110. Switching power supplies 
—Components, configurations 
and models. Seven design articles, 
including a four-part series on 
moving from 20-kHz to more than 
200-kHz operation. (44 pages) $4.00 

O Microcomputer Operating Sys- 
tems wall chart. A 20 x 30-in. chart 
listing the features of more than 
100 operating systems for micro- 
computers. $2.00 

C DR-1: Designer's Reference to 
semiconductor memories: PROMs 
and RAMs. Thirty-five pages of 
design data, including perfor- 
mance summaries and pinout 
sketches. $6.00 

Name 

Title 

Company 

Address 

City 



State 



Zip 



Send to: Electronic Design Reprints, 50 
Essex Street, Rochelle Park, N.J. 07662. 
Please enclose payment with your order. 
(New Jersey residents add 5% sales tax.) 



INSTRUMENTS 



Plug-in modules make 
logic analyzer flexible 




By incorporating various plug- 
in cards, the Tektronix DAS 9100 
digital circuit analyzer integrates 
pattern generation, logic analysis 
functions, mass storage, and com- 
munications interfaces in one in- 
strument to debug logic systems 
before the prototype stage. 
Modules combined in the instru- 
ment's six-slot cage set the 
analyzer to monitor up to 104 logic 
channels, sample synchronous 
and asynchronous data channels 
at rates up to 330 MHz, and 
generate test pulse patterns on as 
many as 80 channels at up to 25 
MHz. 

Three data-acquisition modules 
serve different system develop- 
ment applications. One card lets 
the analyzer resolve 40-ns pulses 
on 32 separate channels at a 
25-MHz sample rate, retains 512 
bits/ channel in memory, and pro- 
vides two clock qualifiers. An 
eight-channel module provides 
10-ns-pulse resolution for 100- 
MHz sampling, separate data ac- 
quisition and glitch memories, 
and one clock qualifier. A four- 
Ed Connolly, New Products Editor 
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channel module provides 3-ns res- 
olution for 330-MHz operation, 
retains 2048 bits/channel in 
memory, and resolves pulses as 
short as 1.5 ns on two channels. 

The pattern generator module 
for the DAS 9100 supplies pulse 
sequences to stimulate the 
memory and I/O ports of systems 
under development, or simulate 
microcode. A single card gener- 
ates patterns on 16 channels at 25 
MHz. The addition of one or two 
32-channel expander modules ex- 
tends the total to 48 or 80 channels 
of patterns with up to ten pro- 
grammable strobes. An external 
clock or the internal program- 
selectable timebase controls pat- 
tern timing. 

An optional RS-232 port and 
GPIB interface allows remote 
control of the instrument and 
transfer of channel data to 
another DAS 9100. The DAS 9100 
mainframe with integral 9-in. 
CRT is priced at $4950; modules 
start at $3500. 

Tektronix, Inc., P.O. Box 500, 
Beaverton, OR 97077. (503) 
6U-0161. 

CIRCLE 309 









GOLD 



BOOK 




U Win Fabulous Prizes 



Look for entry blanks in 
Electronic Design - Sept. 17th issue. 

WINDJAMMER 
CRUISE +$500 cash 




HANDSOME ZERO 
ATTACHE CASES 




RACAL-DANA 
MULTIMETERS 





GOLD BOOK 
DIGITAL TIMEPIECES 

Ahoy, Mates. Tis Gold Book TREASURE HUNT time. 
The pickin's are easy and the booty is bountiful. 

Come join in. To get started you've 
got to have a copy of the new 
1981/1982 edition of Electronic 
Design's Gold Book —which is 
on its way to you. The 
Gold Book is, in itself, a 
treasure chest of infor- 
mation for you, the elec- 
tronic designer. But you've 
got to dig a little deeper to 
enter the TREASURE HUNT. 
Look for entry blanks in future 
editions of Electronic Design. 



high-speed, high-impedance probes; a nonvolatile, 1000-word, reference 
memory and the ability to search for strings uptoW words long. 



Monitor feature keeps 
logic analyzer logical 



All too often with test instru- 
ments, the price of increased 
capability is increased operating 
complexity, which can nullify the 
performance improvements — or 
worse. That is not true, however, 
with Dolch's latest logic analyzer 
—the LAM4850A. On the con- 
trary, the 48-channel, 50-MHz in- 
strument adds features that ac- 
tually make it easier to use than 
its predecessor. 

It incorporates a so-called 
monitor function that lists status 
information and comments in an 
easy-to-understand format that 
the operator can call up any time 
by depressing the MONITOR key on 

Jonah McLeod, Instruments Editor 



the instrument. When the key is 
pressed, the analyzer displays an 
interpretration of the menu 
shown on the unit's screen. It 
explains variables to be set up on 
the instrument and interprets 
any error messages the operator 
receives during operation. 
Moreover, it alerts the operator to 
incorrect connections made to the 
system under test. 

For the operator's convenience, 
up to six test setups can be stored 
for months in nonvolatile CMOS 
memory in the analyzer. 

Another convenience that has 
been added is a new type of fast 
general-purpose probe. It offers 
an input impedance of 1 MG in 
parallel with 10 pF, allowing 




glitches of 5 ns or greater to be 
captured easily. In addition, a 
virtual grounding system inside 
the analyzer eliminates ground 
loops and noise pickup. 

Also improved is the instru- 
ment's triggering capability. One 
new mode offers 12 levels of trig- 
gering with interaction for selec- 
tive tracing, including Boolean 
combinations. Three trigger 
words, each 48 bits wide, can be 
logically combined on every se- 
quential step. 

Yet another new feature is the 
instrument's ability to search for 
strings up to 16 words long. Thus 
a single event, as well as complex 
sequential program conditions, 
can be identified. With the 
analyzer's full-size reference 
memory (1000 x 48 bits), stored 
data can be compared with newly 
recorded data and any differences 
can be highlighted. 

In the auto-comparison mode, 
the memory continually com- 
pares newly recorded data with 
that in reference memory and 
signals when any mismatch oc- 
curs. Such comparisons are 
especially useful in finding in- 
termittent problems in a design. 

Priced at $11,750 for a single 
unit, the LAM4850A is available 
30 days after order. 

Dolch Logic Instruments, 230 
Devon Dr., San Jose, CA 95112. 
Jesse King U08) 998-4633. 

CIRCLE 302 



ModulasOne puts a lot of micro- 
phistication in your hand. A 
compact 4 '■ 2 " x 6 '/ 2 " board set de- 
signed for sophisticated applications 
such as Data Monitoring, Data 
Capture and Display. Process 
Control and Television Reporting, 
ModulasOne offers a combination of 



firmware support. Its high reliability 
is built around the 6800 microproc- 
essor, and its rugged construction 
makes it ideal for operating in harsh 
environments. To find out more 
about ModulasOne write to Adaptive 
Science Corporation. 4700 San Pablo 
Ave., Emeryville, CA 94608. 
Phone 415-652-1805. 



high-quality hardware and turnkey 
ModulasOne. The 8-bit microcomputer that's not for everybody. 



Wafer inspector finds 
0.3-^m contaminates 

A cassette-fed wafer-surface 
inspection system, the C1628, de- 
tects, sizes, and locates particu- 
lates as small as 0.3 microns on 
2 to 5-in. semiconductor wafers, 
then displays or prints the com- 
plete results within 5 to 7 seconds. 
A cassette-to-cassette wafer 
transport system eliminates man- 
ual handling and the related 
danger of accidental contamina- 
tion during inspection and sort- 
ing. The wafer inspection system 
finds point, scratch, haze and 
other defects in addition to con- 
taminates. An RS-232 interface 
connects the system to a host 
computer to communicate X-Y 
coordinates, relative defect size, 
and histograms for subsequent 
compilation. 

Hamamatsu Systems, Inc., 332 
Second Ave., Waltham, MA 
02251*. (617) 890-3U0. 

CIRCLE 321 



True rms VA meter has 
peak-hold function 

The hand-held 3Vfe-digit Model 
VAM meter measures true rms ac 
voltage and current up to 1000 V 
and 2 A and provides a peak read 
and hold function. The instru- 
ment's peak-read and hold circuit 
acquires a peak dc signal within 
10 ms or a peak ac signal within 
100 ms and continues to display 
the value until reset. The meter 
provides four voltage ranges and 
four current ranges. Readings are 
accurate to within Vt% on all 
ranges except the 2-A full-scale 
range, which has a tolerance of 2% 
±1 digit. The meter provides a 
maximum resolution of 1 mV and 
1 nA. 

Engineered Systems and De- 
signs, 2011 Bayard Blvd., Wil- 
mington, DE 19802. (302) 
571-1195. $225. 

CIRCLE 322 
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The DRM™ 
is a self con- 
tained data re- 
tention power 
supply with 
switching cap- 
ability allow- 
ing the DRM™ 
to pass exter- 
nal power, 
when avail- 
able, to the 
output load. 

Designed to backup CMOS 
RAM, the DRM™ can transfer 
your system supply power 



DRM 1 



1* • XHIN 
1 3 • DCOK 



QND 



CATALYST RESEARCH CORPORATION 
H21 OARKVIEW ROAD 
BALTIMORE. MO. Z1Z09. USA 



THE DRM FROM CRC 



DRM™ 
ply, for as 
or more. 



(up to 15V at 
100 mA) to its 
RAM load. The 
"DCOK" power 
supply status 
signal allows 
easy interfac 
ing to prevent 
false writes 
during power 
failure. When 
system power 
fails, the 
provides a 2.8V sup- 
ong as 1 years 



A 



CATALYST RESEARCH CORPORATION 

1421 Clarkview Rd, Baltimore. Md. 21209 U.S.A. TEL 301 /296-7000 TELEX #87-768 



■SBHHHI 



CIRCLE 83 



INSTRUMENTS 



Analog-signal analyzer goes beyond the scope 



A portable instrument combin- 
ing the features of a digital 
storage oscilloscope with a wave- 
form analyzer, transient-signal 
analyzer, spectrum analyzer, and 
data-acquisition system includes 
a 16-bit microcomputer with 10-k 
data points of memory (expand- 
able to 100 k); a CRT display; and 
a series of interchangeable plug- 
in data-acquisition, preamplifier 
and digitizer modules. The two 
announced front-end modules 
sample low-frequency informa- 
tion at 100 kilosamples/s with 14- 
bit resolution or high-frequency 
information at 100 megasam- 
ples/s with 7-bit resolution. 

The instrument displays up to 
four traces simultaneously, which 
can be independently positioned; 
X-Y expanded or compressed; and 
analyzed using cross hairs, base 
line, cursor, and graticule. The 




cursor may be used to correlate 
independently timed data. All 
measurements are displayed nu- 
merically, as well as graphically. 

The DATA 6000 is program- 
mable by the user from five 
groups of control keys located 
below the CRT screen. Key func- 
tions are displayed on the screen 
and can be easily changed to 
perform more than 300 front-pan- 
el operations, including integra- 
tion, differentiation, auto and 
cross correlation, and fast Fourier 
transforms. 



Waveform characteristics that 
can be displayed numerically in- 
clude: period, frequency, rise 
time, fall time, delay, width, root 
mean square, area, energy, max- 
imum, minimum, maximum 
slope, or threshold crossing in 
either direction. Live signals may 
be compared with signals from 
memory or disk. The inputs and 
outputs are compatible with both 
the IEEE-488 and RS-232 
formats. 

The price of the DATA 6000 
without acquisition modules is 
$4995. The low-frequency acquisi- 
tion module costs $1995, and the 
high-frequency module $3995. 
They are available in 90 to 120 
days. 

Data Precision, Electronics 
Ave., Danvers, MA 01923. Ken 
Berquist (617) 21,6-1600. 

CIRCLE 301 



THE 



ZENDEX 



Model ZX-80/05 

SINGLE BOARD COMPUTER 



"ECONOMY, HIGH-PERFORMANCE 8085A-2 BOARD' 



• Software transparent to Inter SBC-80/05 

• MULTIBUS™ Master Mode 

• Expand to 32K EPR0M/8K RAM 

The ZENDEX ZX-80/05 SBC is the 
replacement you've been looking for 
in Intel SBC-80/05. The ZX-80/05 in 



• Select standard or 5 MHz operating speed for CPU. 

• Has three SBX-module positions 

• 5V only operation 



minimum mode matches SBC-80/05 
memory mapping and can be selected 
to accommodate that extra storage 



and program memory space you've 
needed. The ZX-80/05 can also be 
setto run double quick over the Intel. 
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MULTIBUS" INTEL CORP. 

SBC CPU, DISK, RAM, PROGRAMMERS, 
DESIGN AIDS, AND SYSTEMS by . . . 



/end 



® 



corporation 



6680 Sierra Lane, Dublin. CA 94566 
(415)829-1284 TWX 910-389-4009 
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DIGITAL CIRCUITS 



Data-separator chip cuts 
controller chip count 




A portion of the PLA, which controls the timing-correction circuitry of the floppy- 
disk data separator. 



Cutting the discrete data- 
separation circuitry in floppy- 
disk systems back to a single chip, 
the FDDS from Standard Micro- 
systems separates the single 
stream of pulses from a floppy- 
disk drive into clock and data 
inputs for a floppy-disk con- 
troller. The chip contains a clock 
divider, a long-term timing cor- 
rector, a short-term timing cor- 
rector, and reclocking circuitry. 

Compatible with the 1791 and 
1793 floppy-disk controller chips, 
among others, the FDDS (FDC 
9216) eliminates several SSI and 
MSI devices normally needed to 
do the data separation. Able to 
operate from a 5-V supply, the 
circuit is TTL-compatible on all 
inputs and outputs. 

An eight-pin mini-DIP houses 
the FDDS, with just six pins 
needed for signal handling. Three 
pins handle data and clock (one 
input data from the disk and the 
two separated data and clock out- 
puts), and the other three pins are 
for a reference clock and two 

Dave Bursky, Semiconductors Editor 



clock-divider control pins. 

Besides requiring a power-sup- 
ply current of just 50 mA, the 
circuit can handle a maximum 
clock frequency of 8.3 MHz for the 
reference clock input. Rise and 
fall times on the clock signal can 
range from 50 to 2500 ns, and 
input capacitance on all inputs is 
only 10 pF. Two of the control pins 
let the user select the reference 
clock frequency to suit the type 
of drive the data will be coming 
from— single or dual density and 
5V* or 8-in. sizes can be handled 
by the same chip. 

The circuit takes the reference 
clock (2 to 8 MHz) and divides it 
to provide the internal clock tim- 
ing. The circuit detects the lead- 
ing edges of the disk data pulses 
and adjusts the phase of the in- 
ternal clock to provide the 
separated clock output. 

The FDC 9216, in 100-quantity 
lots, costs $6.85; delivery is from 
stock. 

Standard Microsystems, 35 
Marcus Blvd. Hauppauge, NY 
11787. Brian Cay ton (516) 

273-3100. CIRCLE 307 



Get 

specific 

solutions 
to 

design 
problems. 



Electronic 
Design's 

Plan-To- 
Purchase 
Survey 
in this 



Electronic Design • September 30, 1981 269 



help you spot the 
trends all year long. 

□ 101. Designing LSI-based tele- 
communications systems. A 

six-part series of design engineer- 
ing articles. (32 pages) $4.00 

102. LSI for telecommunica- 
tions design. A two-part series on 
the wide range of new LSI devices 
emerging as the basis for new 
telecomm systems. (28 pages) 
$4.00 

D 103. Designing data-communi- 
cations systems. A five-part series 
of design engineering articles. 
(40 pages) $4.00 

□ 104. The bubble-memory design 
challenge. A four-part series of 
design engineering articles cover- 
ing devices from Texas Instruments 
and Rockwell, as well as magnetic- 
bubble system test techniques. 

(20 pages) $4.00 

U 105. Designing bubble memory 
systems. A five-part series of 
design engineering articles cover- 
ing devices from Texas Instruments, 
National, Fairchild, Intel and 
Rockwell. (28 pages) $4.00 

106. Designing 16-bit microcom- 
puter systems with the MC 68000. 

A four-part series of design 
engineering articles. (20 pages) 
$4.00 

107. Programming in Pascal. A 

six-part series of design engineer- 
ing articles. (36 pages) $4.00 

108. Fiber optics— Assessing a 
new technology. A five-part series 
on new components, cables, and 
systems applications. (20 pages) 
$4.00 

109. Fiber optics— Designing 
with a new technology. A five-part 
series of design engineering ar- 
ticles on coding, analog transmis- 
sion, connectors, emitters and ter- 
minations. (24 pages) $4.00 

Ej 110. Switching power supplies 
—Components, configurations 
and models. Seven design articles, 
including a four-part series on 
moving from 20-kHz to more than 
200-kHz operation. (44 pages) $4.00 

Q Microcomputer Operating Sys- 
tems wall chart. A 20 x 30-in. chart 
listing the features of more than 
100 operating systems for micro- 
computers. $2.00 

□ DR-1: Designer's Reference to 
semiconductor memories: PROMs 
and RAMs. Thirty-five pages of 
design data, including perfor- 
mance summaries and pinout 
sketches. $6.00 

Name 

Title 

Company 

Address 

City 



State 



Zip 



Send to: Electronic Design Reprints, 50 
Essex Street, Rochelle Park, N.J. 07662. 
Please enclose payment with your order. 
(New Jersey residents add 5% sales tax.) 



68000 comes in JEDEC 
leadless chip carrier 




The MC68000Z8 now comes in 
a JEDEC type-C leadless chip car- 
rier. The symmetry of the com- 
pact multilayer ceramic carrier 
makes the performance of devices 
more uniform than those in DIPs. 
The type-C package solders 
directly to a substrate or mounts 
in a socket. The chip carrier can 
also be adapted to leads. 

Motorola Inc., MOS Integrated 
Circuits Div., 3501 Ed Bluestein 
Blvd., Austin, TX 78721. $12k (100 
Qty). CIRCLE 325 



Chip provides graphics 
for CRT displays 




The CRT 8021, an n-channel 
MOS/LSI IC, works in conjunc- 
tion with a character-generator 
ROM to provide video attributes 
and graphics for a CRT display. 
The device processes and serial- 
izes parallel data from the 
character generator for direct 
connection to the video input of 
a CRT monitor. Attributes are 
added as desired to alphanumeric 
data, or data are converted into 
the desired graphic form. The chip 
provides two modes of graphics, 



field and/or character attributes, 
a 20-MHz video shift register, 
blinking, reverse video, a cursor, 
and separate data and attribute 
latches. Attributes include re- 
verse video, character blink, 
character blank, underline, and 
strike-through. The CRT 8021 
provides an eight-part graphic en- 
tity which fills the character 
block. It helps form seven-dot- 
wide, nine or eleven-dot-high 
characters in 9 X 12 or 10 X 12 
character blocks. Another ver- 
sion, the CRT 8021-003, provides 
a six part graphic entity for five- 
by-seven dot or five-by-nine-dot 
characters in character blocks of 
up to seven by ten dots. Both the 
devices come in 28-pin plastic and 
ceramic DIPs. 

Standard Microsystems Corp., 
35 Marcus Blvd., Hauppauge, NY 
11787. (516) 273-3100. $8 (100 qty); 
Stock. 

CIRCLE 326 



EEPROM gives flexibility 
to nonvolatile storage 

The ER5716 EEPROM, which 
is organized as 2048 X 8, gives the 
advantage of bulk eraseability 
and in-circuit reprogramming to 
applications that require a 16-k 
memory for nonvolatile storage 
but also require occasional data 
changes, such as microprocessor 
program storage. The device 
permits block erasure with a 25- 
V pulse applied for 1 s. The 
memory reprograms at a rate of 
1 byte/ms. In the read mode, the 
memory operates from a 5-V sup- 
ply and provides a 300-ns access 
time. The EEPROM is in- 
terchangeable with the 2716 
EPROM and is pin-for-pin com- 
patible with the Hitachi 
HN48016. 

General Instrument Corp., Mi- 
croelectronics Div., 600 W. John 
St., Hicksville, NY 11802. (516) 
733-3120. 

CIRCLE 327 
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Go to the big design centers of 
Western Europe and you'll find 
Electronic Design actively used in 
the major technical project 
decisions. That's because Electronic 
Design has the most essential 
editorial package of any electronics 
publication for today's engineer and 
engineering manager plus the all 
important OEM engineering and 
engineering management circulation 
to back it: 

Circulation & Market Coverage 

• 16,192 subscribers in Western 
Europe— the largest of any 
electronics publication 

• Largest design engineering 
community in the world 

• Total international circulation 
approaching 20,000 subscribers 
•Worldwide market coverage over 
112,000 

• Pass-along projecting circulation 
to more than five times audited 
circulation— 85,000 in Western 
Europe 



Electronic Design circulation 
in some principal design centers 
of Western Europe 



England 



3,674 



France 



1,849 



West Germany 



3,110 



Italy 



1,844 



Netherlands 



872 



Sweden 



1,232 



Ttie key influences for evaluating, 
specifying and approving purchase 
of electronic components, 
equipment and systems, Electronic 
Design's 104,612 qualified 
subscribers are 100% engineers, 
engineering and corporate 
managers. 

Editorial— the most sought-after 
of any electronics publication 

The most imminent and accurate 
technology forecasts and 
introductions throughout the 
year— more than any worldwide 
publication. 

• 43 special staff-written reports 

• 156 design engineering articles 

• 1 38 new product features on the 
latest developments 

• Largest full-time staff of 
professional technical editors 
Electronic Design provides the 
editorial coverage that makes a 
competitive difference to the design 
community. 

Electronic Design International 

The new International Section serves 
as a forum for European Product 
Introductions as well as Products for 
International Marketing outside 
the U.S. 

• published 26 times a year in all 
copies distributed outside the U.S. 

• international circulation of 
20,000, including Western 
Europe's largest circulation of 
16,192 . . . with pass-along 



projecting total international 
circulation to 85,000. 
• Quarterly Technology Reports 
covering such international 
technology as: Instruments, 
Analog Circuits, Digital LSI, 
Communications, Components, 
Microcomputers, Peripherals, 
Packaging, Microsystems, 
Memories 



Your advertising goals are-most 
compatible with Electronic Design's 
readability and high readership: 
Voted the best read & most helpful in 
nearly 90% of all readership studies 
independently conducted over 
our advertisers' customer and 
prospect lists. 

Results 

Instant phone and reader inquiries 
throughout the world. That's why 
Electronic Design generates more 
inquiries than any other electronics 
publication . . . more than 1 Vz 
million! 

With specs like these, a lot of our 
advertisers have had to learn to 
translate "Sales" into many 
languages. 



ElechonicDesign 



Contact your Electronic 
representative 

For Rates and Dates-call, write, twx: 
UNITED KINGDOM, SCANDINAVIA 
Constance McKlnley 

50 Essex St.. Rochelle Park, NJ 07662 
Phone: (201) 843-0550; TWX: 710-990-5071 

BELGIUM, HOLLAND, SWITZERLAND, & 
W.J.M. Sanders, S.I.P.A.S. 
Raadhuisstraat 24-P.O. Box 25 
1484 EN Gratt-de-Ryp, Holland 
Tel: 02997-1303 and 3660 
Telex: 13039 SIPASNL 
Telegrams: SIPAS-Amsterdam 

FRANCE 

Gerard Lasfargues 

32 rue Desbordes Valmore 
75016 Paris, France 
Phone 1-504-97-94 

ITALY 

Lulgl Rancatl 

20090 Segrate 

Milano S. Felice Torre 5, Italy 
Phone 02-75-31-445 
Telex: 311010 Orchid 1 



TOKYO 

Harukl Hirayama 

EMS Inc. 

Room 801. Shinjuku Komuro-He 
1-22, Shinjuku 4-chome, Shinjuk 
Tokyo 160, Japan 
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When 
our advertisers 
speak to the 
i International 
Electronics Market 

the response 
is in one common 
language- 
sales 



PERIPHERALS 



Voice coach develops 
computers' lines 




The key problem in creating the 
dialog a computer would employ 
in speaking to a terminal user in 
a typical voice-I/O system is de- 
veloping the set of phrases that 
would make up all the different 
responses. Until now there has 
been no dedicated system for pro- 
ducing such phrases. 

However, with the VoiceWare 
Development System, the de- 
signer can create a file of phrases 
and then test them on the final 
host system all from one CRT 
terminal. 

During file development, the 
operator works from a script of 
the phrases to be digitized. He 
speaks each one into the micro- 
phone attached to the develop- 
ment system. The spoken in- 
formation is digitized and stored 
in the dynamic RAM of the de- 
velopment station's voice-output 
unit, called Lisa. Thereafter, the 
phrase can be recalled for review 
and editing. 

Jonah McLeod, Field Editor 
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When the operator is content 
with all the phrases in the file, 
each one receives a speech code 
that is used by the host computer 
system to access it from the com- 
plete file. 

The VoiceWare system pro- 
duces voice at bit rates as low as 
4800 bits/s. It uses a proprietary 
process for voice digitization 
called parametric waveform cod- 
ing. Consequently, files created 
by the system must be used only 
with Lisa. 

The development system com- 
prises an intelligent CRT termi- 
nal with a Z80 microprocessor and 
64 kbytes of RAM, four RS-232-C 
serial ports, dual 500-kbyte 5.25- 
in. floppy disks for voice-file stor- 
age, a voice digitizer with micro- 
phone input, and a Lisa voice- 
synthesis unit with a speaker. 

It sells for $25,000 and is 
available 90 days after order. 

Centigram Corp., 155A Moffett 
Park Dr., Sunnyvale, CA 91+086. 
Len Magnuson (408) 73^-3222. 

CIRCLE 304 




SALES LOCATIONS 
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Energy Si* 
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VSI Electronic* 
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. . Tat: (408) 734-8470 

rCA™. 1 ^? (714) 648-8401 
„ T* (213)341-4111 
. Tal: (415) 884-1700 
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Industrial Electronic* 

Engtowood. CO .... Tel (303) 771-2838 

CONNECTICUT Diploma! 

Denbury, CT Til [203) 787.9874 

FLORIDA Diplomat 

Clearwater. FL Tel: |B13) 443-4514 

Fort Lauderdale FL TW 1305) 971-7100 
Palm Bay. FL Tat 1305) 725-4520 

GEORGIA 

ILLINOIS 
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Liverpool. N¥ Tel: (316) 437-9900 

Fraapon.NY Tel (5181823-9400 
Zeus Components 

Elms Ford NY ..... Tat (914) 582-4120 
Ohio Cenetot Eiecironici 

Bealotd Hergnts OH Tei (216| 581-8180 

Columbus OH Tal (614)239-0056 

Dayton. OH Tal 1 513) 435-6600 

OKLAHOMA ACT 

Tula*. OK Tel (916! 583-2990 

Quality Components 

Tulsa OK . Tel (918)684-8812 

TEXAS ACT 

Addison. TX .... Tel (214)980-1888 

diplomat 

"■■ .>■■:■--• Tal (713)771-9808 

Quern. Components 

Addison (Dallas), TX Tel [214)387-4949 

Austin. TX Tei (612)836-0220 

Houston, TX Tel (713)772-7100 

Zeua Components 

Dallas TX Tel (214) 783-7010 

UTAH Diplomat 

Salt Lake Cily. UT . tei (8011 408-4134 
WASHINGTON ... Shannon Lid 

Kant. WA Tal (206) 763-0545 

CANADA Pralco Electronic* 

Montreal. Quebec Tei (514)389-8051 

Olta-a. Ontario ... Tel (813) 220-3491 

Mlssisssugs. Ontario Tel [416)678-0401 

W E S Electronics 

Winnipeg. Manitoba Tel (204)632-1260 

REPRESENTATIVES 

GEORGIA Tiiilili' GA ..Tal (404) 938-4368 

MISSISSIPPI Huniavirie AL Tal (105) 881-8270 

TENNESSEE Jefferson City IN . Tal (815)475-4108 

NEW MEXICO. TEXAS Tempa. AZ Tel (602)829-8338 

CALIFORNIA NOR-CAL Assoc 

(NORTHERNI Pslo Alto CA ... Tel (415)961-8121 

NEVADA (NORTHERN) 

CALIFORNIA R.C4I Assoc 

(SOUTHERN). Hunimsloo Baeeh. 

NEVAOA (SOUTHERN! CA Tel (714 ) 894-72S7 

CALIFORNIA (SAN Kaplan (AddenvSan Dwool 

OlEQOCOUNTYi SenDwgo.CA T.I [7141 208-8448 

COLORADO. Elcom. Ine 

WYOMING UTAH Englewood. CO Tel [303] 770-4400 

San Lake City. UT Tel (SOi) 532-7840 

DELAWARE Walker-Houck Associates 

DIST OF COLUMBIA, LulneryiMe. MD Tel (301)296-6021 

MARYLAND. VIRGINIA Mt Airy. MO Tel (301) 675-2773 

MARYLAND C H Neweon 6 Assoc . me 

Towneon. MD . . Tal (301)296-2292 
FLORIDA EiRine 

Aiiamonie Springs. Fi Ta> (3051 830-9800 

ILLINOIS Janualnc 

Dee flames IL Tal (312)298-9330 

INDIANA . Latt'onics Mlg Rep 

Indianapolis. IN . . Tal 1317) 846-5788 

Kokomo. IN Tal. 1317)467-8226 

MASSACHUSETTS. Si one Com pone n i Sales 

CONNECTICUT Frammgh.m MA . Tal (6171 875-3268 

NEW HAMPSHIRE. 
RHODE ISLAND _ 

Greirver Assoc Ine 

Para. Ml Tal (313I49M1B8 

C M Neweon 8 Assoc . me 

Souinlield Ml Tel (313)569-8080 

Northporf Engi neering 

NORTH 6 SOUTH SlOOminglorr MN . . Tal (612) 654-5556 

OAKOTA 

MISSOURI Oelllron. Ine 

KANSAS SI LOUt*. MO Tal 13141 869-4779 

NEBRASKA Kansas City KS . Tal 18161 4364445 

NEW YORK (CITY 6 J Square Marketing. Ine 

LONG ISLANOI. Wealbury.NY Tal (616)934-3200 

NEW JERSEY 
(NORTHERN) 

NEW YORK OL Elss Assoc 

(UPSTATE) RocflMLSr. NY Tal: (716) 326-3000 

Kingston. NY .. . Tal 1914) 338-7588 

Syracuse. NY . . . Tal 1315) 467-0492 

NORTH 8 SOUTH Hep. Inc 

CAROLINA ' Reletgn. NC Tel (8191 851-3007 

OHIO. m«.n«noc Ine 

WEST VIRGINIA Cincinnati. OH Tal (513)871-2424 

PENNSYLVANIA WIHougftay Hills OH Tal 12161 921-O080 

(WESTERN). KENTUCKY 

PENNSYLVANIA CH Nawson 6 Asaoc Inc 

[EASTERNI NEW FlourlOYrrvPA T.I [215)248-3377 

JERSEY (SOUTHERN) 
TEXAS Waal 6 Asaoc 

ARKANSAS AuWirvTX Tel (512)4414)873 

LOUISIANA Dalles. TX .... Tel (214) Mt-9400 

OKLAHOMA Houskin TX Tal (713) 7T/-410B 

Tutta OK Tal (919) 445-7429 

WASHINGTON R 6 n Assoc 

IDAHO, OREGON. Kani, WA Tal (206)251-5398 

«. ALASKA Baavanon OR Tal (5031 644-8077 

Spokane. WA Tel (509)922-1616 

Janus. Inc 

Milwaukee. Wf . Tei (414) 24t-80S2 

CANADA Aslec Components LIO 

Toronto. Canada Tei (416)83»«463 




SGS. A NEW SOURCE OF POWER 



SGS engineers were the first to introduce high voltage 
power PNP transistors. They also helped pioneer fast 
darlingtons. As a result of our continued commitment to 
R&D, SGS semiconductor devices are now the power 
behind the scenes in numerous product applications ranging 
from CRT terminals to automotive electronic ignitions. 

Multiepitaxial Planar and 
Mesa Power Transistors. 



tech 
the r 



SGS uses its own multiepitaxial planar and mesa 
technologies to produce power transistors that are equal to 
the most demanding specifications. For example, our multi- 
epitaxial planar devices, designed for fast high current 
^ ^ m power switching, have 
^^^^H^^W^^^WBI ratings that exceed 350V 

H and 80A with power 
dissipation up to 350W. 
SGS multiepitaxial mesa 
Hfllfl^BlB^E^^Hf^^l technology is creating 

high voltage, high power 
■• S^^mu^K^m^^^k r swl,cnin 9 transistors with 
II |B B — !l<-ll ra t' n gs up to 1000V and 
K B BS ■ l| 30A into 3 packages 
■■ I E-5 Bl "1 Both planar and mesa 

■9S mm] P rocesses are being 

| applied to darlington 
technology. In fact, new 
SGS darlington structure incorporating a speed-up diode 
permits these devices to be used in high efficiency switch 
mode power supplies. SGS is also manufacturing a large 
range of Jedec, NPN, PNP standard popular devices in TO-3 
or TO-220 packages. 



See adjacent column for SGS sales locations. 



Power Backed by 
Dependable Service. 

How can SGS power pay off for you? Use your imagination. 
You'll find our technology as versatile as your needs. Plus, 
you'll appreciate our dedicated, fast-turnaround service. For 
immediate response, contact the sales representative in 
your area or mail the coupon below. 



Technology and Service 




Our toll free numbers are: 800-528-7397 except in Arizona, 
800-343-4610 except in Massachusetts and Maine. 
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MONOBLOC® 

Ceramic 

Capacitors 
« b m 



w 




\\ \\ 



Temperature 

Compensating 
Stable and 
General Purpose 

ERIE Red Cap Monobloc® 
Ceramic Capacitors are in a 
quality class by themselves 
and today represent a standard of 
excellence unequalled in 
the industry. 

Monobloc capacitor elements, 
solid structures of fused ceramic, 
are produced in a wide range of 
capacitance values, charac- 
teristics and sizes. They offer 
inherent stability with conservative 
voltage ratings for long, trouble- 
free life. 

The combination of Monobloc 
and plate capacitors, under 
the famous Red Cap name, 
provide circuit engineers with 
unlimited design flexibility. 

Best delivery in the 
industry for these popular 
Z5U values . . . 
.1 .47 .68 1.0 2.2 4.7 ^F. 

I Capacitance range 
100 pF. thru 7.5 txF. 
I 25, 50, 100, 200, 500 Volts 
I Broadest range of TC 
materials and tolerances 

Write for catalog 8100 



muftala \ 



MURATA ERIE NORTH AMERICA, INC. 

State College, Pennsylvania 16801 
814-237-1431 



CIRCLE 91 



Disk drive hooks up with 
Intellec systems 



Ulllllllllll lllllllllllllllll Illllllllllllll 




A Winchester disk drive, the 
MicroSupport 3100, puts 20 
Mbytes of formatted storage at 
the disposal of Intellec 800, Series 
II, and Series III users. The 
storage system is divided into 
virtual partitions which, to In- 
tellec system hardware and 
software, look identical to the In- 
tel standard disk subsystems, the 
MDS-710, the MDS-720, and the 
MDS-740. The system includes a 
bit-slicer controller, a 14-in. 
Winchester disk drive, a power 
supply, and the host adapter. Op- 
tional systems support up to four 
hard-disk and two floppy-disk 
drives. 

Advant Corp., 696 Trimble Rd., 
San Jose, CA 95131. (1*08) 
91*6-9300. $8995; 1* to 6 wks. 

CIRCLE 328 



Hard-disk drive stores 
104 Mbytes for V77-800 

A fixed-disk drive, the Model 
F3770, stores up to 70 or 104 
Mbytes in Sperry Univac V77- 
500/700/800 minicomputer sys- 
tems. Up to two drives interface 
with each system, using a single 
controller. The sealed, environ- 
mentally-controlled storage mod- 
ule includes a stack of 14-in. rack- 
mounted disks. Two read/write 
moving heads access both sur- 
faces of each disk, allowing data 
transfer at a rate of 1.2 Mbyte/s. 

Sperry Univac, P.O. Box 500, 
Blue Bell, PA 191*21*. (215) 
51*2-1*213. $13,000. CIRCLE 329 
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Kit puts graphics 
onVTlOO 

The three PC boards included 
in the VT640S kit enable DEC 
VT100 terminals to generate 
graphics with 640 X 480-pixel re- 
solution. Once installed, the kit 
lets the VT100 perform both as an 
alphanumerics terminal and as a 
graphics terminal, capable of 
emulating the Tektronix 4010 
series of graphics terminals. 
Operational features of the 
graphics upgrade include vector 
drawing, point plotting, mode-in- 
dependent selective erase, a stan- 
dard cross-hair cursor, an op- 
tional light pen, and an optional 
printer interface. The cross-hair 
cursor and light pen permit 
emulation of the widely used 
Tektronix 4010 Graphic Input 
Mode. The hardware is com- 
patible with industry-standard 
graphics software, including 
ISSCO's DISSPLA and TELLA- 
GRAF, and Tektronix' PLOT 10. 

Digital Engineering, Inc., 630 
Bercut Dr., Sacramento, CA 
95811*. (916) 1*1*7-7600. $1230; 13 
w!cs - CIRCLE 330 



Military floppy-disk 
drive holds 1 Mbyte 

A militarized floppy-disk drive 
for use with Norden PDP-11M 
and DEC PDP-11 computers, the 
DD400/DC400, provides a for- 
matted data storage of up to 1 
Mbyte. The controller provides 
full RX02 compatibility and ac- 
cepts Norden Unibus cables from 
the computer. The drive permits 
data transfer rates of up to 500 
kHz and operates with a track-to- 
track access time within 6 ms. The 
system comes qualified to MIL- 
E-16400 and includes MIL- 
M-38510/MIL-STD-883 B micro- 
logic. 

Miltope Corp., 9 Fairchild Ave., 
Plainview, NY 11803. (516) 
31*9-9500. CIRCLE 331 



PERIPHERALS 



4.3-Mbyte cartridge drive 
meets MIL shock specs 




A militarized cartridge-tape 
drive with an integral power sup- 
ply and microprocessor-based 
formatter/interface unit, the 
Model 2765, meets the require- 
ments of MIL-T -21200 and MIL- 
T-810C for shock and vibration. 
The drive stores up to 4.3 Mbytes 
and performs automatic error 
checking and automatic retry. A 
built-in heater allows the Model 
2765 to operate at temperatures 
as low as -10°C. A sealed, hinged 
cover prevents dirt from entering 
the unit. The drive serves applica- 
tions at airfields for commercial 
and military flight line opera- 
tions, and airborne and land- 
based geophysical applications. 

Qantex Division, North Atlan- 
tic Ind., Inc., 60 Plant Ave., Haup- 
pauge, NY 11787. (516) 582-6060. 
$10,365; 10 to 12 wks. 

CIRCLE 332 



Magnetic tape reduces 
PCM recording errors 

A magnetic recording tape for 
instrumentation, the type 721, 
has a coercivity of 650 Oe. The 
tape reduces error rates in high- 
bit-density PCM recording and 
offers a signal-to-noise improve- 
ment of up to 6 dB over other 
gamma-ferric tapes. Controlled 
abrasion characteristics extend 
recorder-head life and reduce 
maintenance. 

Ampex Corp., 1+01 Broadway, 
Redwood City, CA 91+063. (1+15) 
367-1+151 CIRCLE 333 



Bar-code printer also 
puts text on labels 

The 8425 bar-code printer in- 
terfaces with host minicomputers 
or terminals over an RS-232 in- 
terface to produce code 39 format 
codes on roll-fed labels or tags. In 
addition, the unit produces up to 
either five or ten lines of human- 
readable characters on each coded 
label. The printer employs a con- 
tinuously rotating engraved print 
drum, electromagnetically ac- 
tuated print hammers, and a dry 
carbon ribbon. The unit can be 
configured as a stand-alone 
printer by connecting a "dumb" 
terminal. The printer prompts 
operators with data fields, quan- 
tities, and increment/decrement 
instructions. A 32-character bar- 
code message with up to 350 
characters of descriptive text can 
be printed on a 2.5 X 4-in. tag. 

Interface Mechanisms, Inc., 
P.O. BoxN, Lynwood, WA 98036. 
(206) 71+3-7036. 

CIRCLE 334 



20-Mbyte streaming tape 
drives backup hard disks 

A ^-in. streaming cartridge 
tape drive for use in Winchester- 
disk backup applications, the 
Quarterback, comes in two ver- 
sions that operate at 30 or 90 in./s. 
The drives offer formatted data 
storage of either 10 or 20 Mbytes 
per cartridge. The units' in- 
telligent controller relieves the 
host computer of overhead func- 
tions such as tape formatting, 
error detection and correction, 
file mark positioning, and tape 
positioning. The 90-in./s version 
transfers 20 Mbytes of formatted 
data onto a single cartridge in just 
over four minutes. 

Cipher Data Products, Inc., 
10225 WilJmv Creek Rd., San 
Diego, CA 92138. (711+) 578-9100. 
$1550. 

CIRCLE 335 



Electronic Design 
Editorial Reprints can 

help you spot the 
trends all year long. 

□ 101. Designing LSI-based tele- 
communications systems. A 

six-part series of design engineer- 
ing articles. (32 pages) $4.00 

D 102. LSI for telecommunica- 
tions design. A two-part series on 
the wide range of new LSI devices 
emerging as the basis for new 
telecomm systems. (28 pages) 
$4.00 

D 103. Designing data-communi- 
cations systems. A five-part series 
of design engineering articles. 
(40 pages) $4.00 

□ 104. The bubble-memory design 
challenge. A four-part series of 
design engineering articles cover- 
ing devices from Texas Instruments 
and Rockwell, as well as magnetic- 
bubble system test techniques. 

(20 pages) $4.00 

□ 105. Designing bubble memory 
systems. A five-part series of 
design engineering articles cover- 
ing devices from Texas Instruments, 
National, Fairchild, Intel and 
Rockwell. (28 pages) $4.00 

D 106. Designing 16-bit microcom- 
puter systems with the MC 68000. 

A four-part series of design 
engineering articles. (20 pages) 
$4.00 

107. Programming in Pascal. A 

six-part series of design engineer- 
ing articles. (36 pages) $4.00 

108. Fiber optics— Assessing a 
new technology. A five-part series 
on new components, cables, and 
systems applications. (20 pages) 
$4.00 

D 109. Fiber optics— Designing 
with a new technology. A five-part 
series of design engineering ar- 
ticles on coding, analog transmis- 
sion, connectors, emitters and ter- 
minations. (24 pages) $4.00 

Q 110. Switching power supplies 
—Components, configurations 
and models. Seven design articles, 
including a four-part series on 
moving from 20-kHz to more than 
200-kHz operation. (44 pages) $4.00 

[H Microcomputer Operating Sys- 
tems wall chart. A 20 x 30-in. chart 
listing the features of more than 
100 operating systems for micro- 
computers. $2.00 

EH DR-1: Designer's Reference to 
semiconductor memories: PROMs 
and RAMs. Thirty-five pages of 
design data, including perfor- 
mance summaries and pinout 
sketches. $6.00 

Name 



Title 

Company 
Address 



City 

State Zip 

Send to: Electronic Design Reprints, 50 
Essex Street, Rochelle Park, N.J. 07662. 
Please enclose payment with your order. 
(New Jersey residents add 5% sales tax.) 
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3584 multiplexed pins 




Normally, in-circuit test sys- 
tems that can test up to 3500 pins 
cost a pretty penny and are large 
to boot— each pin requires its own 
driver and sensor electronics. The 
Model 2272 (see photo) from Gen 
Rad substantially changes that by 
offering 3584 hybrid pins and by 
multiplexing the pins so that one 
set of pin electronics drives more 
than one pin. (The Model 2271 
does the same for 960 pins.) 

Both the 2271 and 2272 offer 
true hybrid test capability at 
every pin. Each pin can be pro- 
grammed to handle all major logic 
families, which makes mixed 
logic-family testing possible. In 
addition, each pin has a 270-kHz 
clock speed. 

Besides improving the pin 
count at a reasonable cost per pin, 
the systems come with improved 
software capability. Release 7, 
part of the Automatic Test 
Generation (ATG) software 
package, offers a diagnostic pro- 
cedure called BusBust, which 
identifies faults on bus-struc- 
tured boards beyond a failing 
node to a defective component. 

BusBust wiggles every compo- 
nent tied to the bus. If any one 
device is pulling the bus down, the 



Jonah McLeod, Instruments Editor 



software automatically begins 
isolating the problem. In fact, the 
ATG software does all the test 
generation necessary to isolate 
the problem to the failing node. 
Furthermore, it can find multiple 
faults and works on all major 
logic families. All this is done 
without intervention. 

Another software enhance- 
ment, this one provided in the 
analog-component library, en- 
ables a programmer to create 
component-description files for 
complex analog, multiple compo- 
nent, and custom devices. Having 
these high-level part descriptions 
reduces circuit description entry, 
improves ATG circuit analysis 
capability, and provides more ac- 
curate diagnostics. 

The library itself has been ex- 
panded with Release 7, which 
adds device models for the 68000, 
Z8000, and 8086 microprocessors, 
support chips for the 8086, and 
new ECL-family components. 

Systems with usable configura- 
tions are priced at $151,000 for the 
2271 and at $180,000 for the 2272. 
Delivery for both units begins in 
the fourth quarter of 1981. 

GenRad, 170 Tracer Lane, 
Waltham, MA 02254. Raymond 
McNulty (617) 890-4900. 

CIRCLE 310 



board edges accessible 




A space-saving open-frame 
cage for STD-bus cards, the Slant 
Rack, holds boards at an angle to 
permit easy access to their edges. 
The cage exposes terminal blocks, 
pots, and other components at the 
edge of boards to permit fast con- 
nections and adjustments. The 
end board position leaves a card 
completely exposed— a good spot 
for a control panel. The 10-in.- 
wide cage spaces cards 3 A -in. apart 
and fits in a 7-in.-deep enclosure 
with room to spare. 

Circuits and Systems, Inc., 2 
Main St., Hollis, NH 03049. (603) 
465-7063. $295. 

CIRCLE 336 



Automated system tests 
and sorts wafers 

An automated system for 
characterizing and sorting sub- 
strates, the WaferCheck 7000, 
performs capacitance testing of 
wafer flatness and thickness with 
an accuracy to within 0.5 jum, 
tests resistivity over a range of 
0.001 to 199.9 O/cm, sorts n-type 
and p-type substrates, and pro- 
vides a null decision category for 
indeterminant dopant types. 
Along with flatness, thickness, 
resistivity, and type, the Wafer- 
Check includes a visual inspection 
subsystem for categorizing such 
surface defects as fingerprints, 
pitting, scratches, particulates, 
and stains. 

ADE Corp., 77 Rowe St., 
Newton, MA 02166. (617) 
969-0600. 

CIRCLE 337 
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The industry's most complete 
computer systems package- 



With more and more products 
reaching VLSI levels, design 
engineers and managers have an 
increasing need to understand the 
end-use implications of systems 
designs. At the same time systems 
integrators are discovering they 
must know more about chip and 
board-level design trends. New 
technologies at these levels are 
greatly impacting the performance 
and capabilities of integrated 
systems. 

With Systems & Software, 
Electronic Design bridges the gap 
between systems design and 
systems integration. 

Each installment of Systems & 
Software presents the authoritative, 
practical information today's 
systems integrators require as they 
prepare to tackle the problems 
raised by local networks, software 
automation, computer graphics, 
office automation, manufacturing, 
and scientific and engineering 
applications. By relating advances 
at the design level with their 
implications for systems 
integrators, Systems & Software 
is the perfect complement to 
Electronic Design's regular diet of 
special reports and special issues 
covering computer components, 
equipment and systems. 

Qualify to receive Electronic 
Design and get complete 
computer systems coverage 

If you 're not receiving 
Electronic Design magazine, 
you're missing out on the most 




BectrocucDesign 



SYSTEMS & 
SQEDAARE 



INTEGRATING 
LOCAL 
NETWORKS 




The ins and outs of networking architectures 
What the tradeoffs are in selecting hardware 
Mow software manages the network 
Assessing the standards controversy 



important new computer 
technology editorial available — 
including these computer-related 
reports scheduled for 1982: 

Issue date Subject 

January 7 Technology Forecast 

January 21 Small Computers 

March 4 Communications 

March 18 Microcomputer Systems 
Design 

April 15 Computer Systems Design 

May 27 NCC; Peripherals 

June 10 Semiconductor Technology 

June 24 Local Networks 



to 

integration 



July 22 Software 

August 19 Memory Technology 

October 14 Microprocessors: CAD/CAM 

November 1 1 Fiber Optics 

December 23 Designer's Reference 

Use the qualification card 
in this issue 

It only takes a few minutes to fill 
out the subscription qualification 
form bound in this issue, so do it 
now. Or circle number 131 on the 
Reader Service Card. 



ElectronicDesign 

First place to address engineering management 



COMPONENTS 



DMOS power FETs handle 450 to 550 V at up to 7A 



Offering continuous current 
ratings of 5, 6, and 7 A, the SD900 
series of DMOS power FETs will 
also feature drain-source voltages 
of 550, 500, and 450 V for the 
SD900, SD901, and SD902, respec- 
tively. On-resistances for the 



n-channel devices are 2, 1.5, and 
1 Q, respectively. 

Designed to meet European 
voltage requirements, the SD900, 
with its 550-V rating, can handle 
a peak drain current of 12 A. The 
power devices are aimed at line- 




operated switching power sup- 
plies, amplifiers, and motor con- 
trols. Housed in TO-3 metal 
packages, the units can handle 
about 80 W (continuous) and have 
a linear derating factor of 640 
mW/°C. 

All three power devices have a 
turn-on time of 40 ns and a turn- 
off time of 160 ns with a V DS of 
25 V, an I D of 2 A, and an R G of 
50 0. At a frequency of 1 MHz, 
the transistors have a common- 
source input capacitance of 1500 
pF, a reverse transfer capacitance 
of 40 pF, and an output 
capacitance of 200 pF. Also, all 
units have a common-source 
forward transconductance of 1.8 
S (at f = 1 kHz, V DS = 25 V, and 
I D = 2 A). 

Other versions of the SD900 
family planned for the future in- 
clude a 20-A unit with a 100-V 
rating. The device will have an on- 
resistance of just 0.15 ft. Another, 
longer-term project is to develop 
a higher-power TO-220 plastic 
package. The problem with cur- 
rently available TO-220 packages 
is that the lead frames are too 
small for the chip, which is about 
200 mils on a side. 

Prices for the devices in 100- 
unit lots are $16.15, $15.00, and 
$13.40, for the 900, 901, and 902, 
respectively. Delivery is from dis- 
tributors' stock. 

Semi Proceses Inc., 1885 
Norman Ave., Santa Clara, CA 
95050. Tom Cauge U08) 988-bOOb. 

CIRCLE 303 
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DELTRON 

SWITCHERS 
are 

NO GLITCH ERS 




The Quiet Ones 



• Current fed drivers 

• DM filters 

• CM filters 

• dv 

-rrsnubbers 
dt 

| limiting 

• Shielded case 

• Spike limiting varistors 

• No fans 



1 TO 4 OUTPUT SWITCH MODE POWER SUPPLIES — 

TO 320 WATTS 



• Stock 

• UL 478 

*M_outputs highly regulated 



Exclusive Variable Power Partitioning 

Low cost 

3 year warranty 



COMPLETE POWER SUPPLIERS 




v Switcher 
Linear 




v Ferro 
^ SCR 



STANDARDS— CUSTOMS 




Wissahickon Avenue • North Wales. PA 19454 
Tel: 215/699-9261 Twx: 510/661-8061 

CIRCLE 92 
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Miniature SSR handles 
0.75 A and 250 V rms 




The S42-series solid-state ac re- 
lays rated at 0.75 A and 250 V rms 
come in an SIP that measures 0.75 
X 0.325 X 0.125 in. The relays 
provide 2500 V rms of input/out- 
put isolation and carry a 600-V 
peak transient rating as an op- 
tion. Incorporating parallel photo 
SCRs as output switching devices, 
the relays feature zero-voltage 
turn-on, with a maximum ±5-V 
zero switch window. Model S42 
takes a 3.5 to 8-V dc input, with 
a maximum of 8 mA required to 
operate the relay at a 5-V input. 
Model S42-3 operates with 8 to 17- 
V dc inputs and requires a max- 
imum of 8 mA at 10 V. 

Microelectronic Relays Inter- 
national, Inc., 2566 Via Tejon, 
Pahs Verdes, CA 9027k. (213) 
373-0721. $7.50 (1000 qty); stock to 
6 wks. 

CIRCLE 338 



2-A latching relays 
measure 10.4 mm high 

Polarized latching relays in the 
BZB series handle 50 W at 2 A and 
switch a maximum of 60 V dc, but 
measure 10.4 mm high and weigh 
18.2 g. The relays come in 4PDT 
and DPDT versions equipped 
with gold-overlay, silver-palladi- 
um stationary contacts and sil- 
ver-palladium movable contacts. 

ITT Components, 3201 S. Stan- 
dard St., Santa Ana, CA 92707. 
(71k) 964-8391. $7.75 UPDT) (1000 
qty); 8 to 10 wks. 
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LEDs and detectors 
serve remote controls 

A series of GaAs IR LEDs in 
T 1-% dark plastic packages 
operate in remote control applica- 
tions with a series of PIN 
photodetectors that come in a 
plastic package similar to the 
TO-92. The emitter series, des- 
ignated LD-271, includes three 
versions with 7, 10, and 16-mW/sr 
radiant-intensity ratings at 100 
mA, with a half-angle of 25°. The 
photodiodes, designated SFH-205 
(sensitive on rounded side) and 
SFH (sensitive on flat side) come 
in black encapsulated packages. 
Another version, the SFH-206K, 
has a colorless plastic package. 
Spectral sensitivity for the 
SFH-205 and SFH-206 is greater 
than 30 nA • cmVmW at 5 Vr. 
Spectral sensitivity for the 
SFH-206K is greater than 5 
nA/lx. 

Litronix, Inc., 19000 Home- 
stead Rd., Cupertino, CA 9501k. 
(k08) 256-7910. 
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Ceramic caps come 
in 0.3-in.-center DIP 




Mono-Pak ceramic capacitors 
come with two in-line pins set on 
a 0.3-in. spacing for mounting 
compatibility with ICs and other 
DIP components. The capacitors 
stand 0.165 in. high above a board 
when installed. Capacitance val- 
ues range from 10 pF to .39 ^F. 
The units are magazine packed for 
automatic insertion. 

Centralab, Inc., 5855 N. Glen 
Park Rd., Milwaukee, WI 53201. 
(kU) 228-7380. $0.09 (50,000 qty). 
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Circuit breakers conform 
to VDE 0730 spacing 

A line of magnetic circuit 
breakers that conform to the spac- 
ing requirements of VDE 0730, 
Snapaks, includes double-pole 
push-pull and push-to-reset, and 
single or double-pole rocker 
versions. An auxiliary switch is 
available as an integral part of a 
series pole in single or multipole 
assemblies. Isolated electrically 
from the protector's circuit, this 
switch works in unison with the 
power contacts and provides in- 
dication, at a remote location, of 
the protector's on-off status. The 
compact units come with choices 
of handle actuation, colors, il- 
lumination, terminals, and hard- 
ware. 

Airpax/North American 
Philips Controls Corp., Cam- 
bridge Div., Woods Rd., Cam- 
bridge, MD 21613. (301) 228-k600. 
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Snap-in LED indicators 
come in bicolor versions 




A line of snap-in LED panel 
indicators, the 558 and the 559 
series, includes red, green, and 
yellow versions, in addition to a 
model that combines a red and a 
green-emitting chip in a single 
package. The 558 indicators fit in 
0.156-in. holes on 0.2-in. centers 
and the 559 series fits in 0.25-in. 
holes on 0.3-in. centers. Black 
housings increase color contrast. 

Dialight, 203 Harrison PI, 
Brooklyn, NY 11237. (212) 
k97-7600. 
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Four-sector photodioae 
develops 0.11 nA/lx 



The SFH-204 photodetector has 
four separate active sections 
whose contacts are spaced 12 nm 
apart for precise positioning in 
such applications as edge control, 
path scanning, and angle scan- 
ning. The device operates with a 
sensitivity of 0.11 nA/lx. The de- 
tector comes encased in a 
transparent package with 6 leads. 

Litronix, Inc., 19000 Home- 
stead Rd., Cupertino, CA 95014. 
(408) 257-7910. $7.85 (100 qty); 
Stock. CIRCLE 344 



Sub-ohm wire-wound 
resistors keep L low 




A series of wire-wound vitreous 
enamel resistors with values from 
0.005 to 1 U, the Lo-Mite 99L 
series, typically shows an induc- 
tance value of 0.1 /*H. The re- 
sistors come in 3, 5, and 10 W 
sizes, with a standard tolerance of 
5%. Tempcos range from ±300 
ppm/°C for 0.01-fi resistors to 
±60 ppm/°C for 1-fi resistors. 
The 3-W versions measure 0.562 
X 0.234 in. The axial-lead re- 
sistors are compatible with 
automatic insertion equipment. 

Ohmite Manufacturing Co., 
3601 Howard St., Skokie, IL 
60076. (312) 675-2600. 
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chip blink 

Two red LED indicators, desig- 
nated the CQX21 and the CQX22, 
contain two chips in their stand- 
ard T-1% diffused packages: a 
conventional GaAsP LED and an 
oscillator chip connected in series. 
Thus, the LEDs' on/off state can 
be controlled by the internal os- 
cillator chip, which switches the 
LED via an internal MOS switch 
at a predetermined rate (typically 
3 Hz). The CQX22 has two supply 
leads and a control lead to permit 
selection of the blink mode, con- 
tinuous on, or off. The 5-V devices 
provide a typical luminous in- 
tensity of 1.6 mcd at a peak 
wavelength of 660 nm. The in- 
dicators operate with a half-in- 
tensity angle of 80°. On-state con- 
sumption measures 35 mA with 
a 5-V supply. 

AEG-Telefunken Semiconduc- 
tors, Rt. 22 — OrrDr., Somerville, 
NJ 08876. (201) 722-9800. $0.58 
(CQX21), $0.63 (CQX22) (1000 
Qty). 
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Miniature reed relays 
handle 50 W 

A line of miniature encapsulat- 
ed reed relays, the Power Max 
series, comes with a 50-W rating. 
The line includes form 1A, 2A, 3, 
and 4A versions. The relays come 
with 1, 3, 5, 6, 10, 12, 15, and 24- 
V coils and have 0.1-in. terminal 
spacing. The injection-molded 
components meet UL 94V-0 and 
withstand cleaning solvents, 
acids, fluxes, and salt spray. Op- 
tions include magnetic shielding 
and special construction for 
operation in high-temperature 
environments. 

Electronic Applications Co., 
4918 Santa Anita Ave., El Monte, 
CA 91734. (213) 442-3212. Under 
$0.95 (OEM qty); stock to 4 wks. 
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switches offer variety 




A line of momentary and 
alternate-action illuminated 
pushbutton switches, the A3 
series, offers a broad selection of 
models with either LEDs or in- 
candescent lamps, and silver or 
gold contacts. The units come 
with switch guards and protective 
covers for harsh environments. 
Versions come with solder termi- 
nals or terminals for PC board 
mounting. 

Omron Electronics, Inc., Con- 
trol Components Div., 650 Wood- 
field, Schaumburg, IL 60195. (312) 
843-7900. 
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20-k trimmer drops 
tempco to 5 ppm/°C 

A %-in. trimming potentio- 
meter with a range of 10 to 20 k, 
the Model 1285, works from -55 
to ±125°C with a tempco of ±5 
ppm/°C. The trimmer has a ±5% 
tolerance. At 100 MHz, rise-time 
measures 10 ns. 

Vishay Resistive Systems 
Group, 63 Lincon Hwy., Malvern, 
PA 19355. (215) 644-1300. 
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OEM ^ THE 

AMERICA INVIWIONAL 

KcKpe COMPUTER 

MEE19 conference: 




Every type of computer 
and peripheral— mini/micros, disk 
drives, tape drives, printers, inter- 
faces, CRTs— will be on display 
at the Invitational Computer Confer- 
ences, the only one -day regional 
seminar/displays directed exclu- 
sively to the needs of the quantity 
buyer. During the 1980/1981 
series, over 7,000 OEMs attended 
the conferences to receive a 
concentrated, close-up view of the 
newest computer and peripheral 
equipment presented by forty of the 
world's top manufacturers, as 
well as to attend a program of tech- 
nical seminars covering the latest 
state-of-the-art technology. 

Last year some of the biggest 
names in the computer industry 
exhibited their products at the 



Invitational Computer Conferences. 
Shouldn't you be there this 
year with: 

Able Computer Technology, AVIV, AED, 
BASE Century Data, Charles River Data, 
Cipher Data, Computer Devices, Com- 
puter Memories, Control Data, Convergent 
Technologies, CII Honeywell Bull, Data 
Electronics, Inc., Data General, Data 
Systems Corp., Data Systems Design, 
Dataram, Documation, DEC, Distributed 
Logic, Emulex, H-R Hazeltine, Hi-G, 
Information Products Systems, Kennedy, 
MPI, MDB Systems, MFE, Monolithic 
Systems, Mostek, Malibu Electronics, 
NEC, Megatape, Okidata, PerSci, Pertec, 
Pioneer Magnetics, Priam, Printronix, 
Remex, Rotating Memory Systems, SLI 
Industries, Scientific Micro Systems, 
Shugart, Seagate Technology, Siemens, 
Storage Technology, Mannesmann Tally, 
Tandberg Data, Telex, Trilog. Tecstor 
and TEC. 



Date 



Location 



Sept. i4, 1981 
Oct. 1, 1981 
Oct. 27, 1981 
Oct. 29, 1981 
Nov. 17, 1981 
Jan. 14, 1982 
Feb. 10, 1982 
March 23, 1982 
March 25, 1982 
April 14, 1982 



Newton, MA 
Minneapolis, MN 
Valley Forge, PA 
Washington, D.C. 
Palo Alto, CA 
Orange County, CA 
Ft. Lauderdale, FLA 
Dallas, TX 
Houston, TX 
Southfield, MI 




Invitational 

Computer 

Conferences 



Invitations are available from participating companies or the ICC sponsor. For further information contact 
B.J. Johnson & Associates, Inc., 2503 Eastbluff Drive, Suite 203, Newport Beach, CA 92660. (714) 644-6037. 
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solutions 
to design 




See ElectronicDesign's 
PlanToPurchase 
Survey in this issue. 




Constipated? 

For quick relief, try our Formula 80 

(8 Milliseconds access time) 

The Alpha Data Model 80 discs are used by our 
customers to relieve s ystem slow down due to 
the swapping of software in and out of main 
memory by their CPU. The Model 80 comes in 1, 
2, 4, & 8 mesabyte models that can be daisy 
chained up to eisht units per chain. 




For further information, call or write: 



alpha data 



20750 MARILLA STREET, CHATS WORTH, CALIFORNIA 91311 

(213)882-6500 
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ANALOG CIRCUITS 



10-bit ADC converts 
within 1.8 Ats at 550 kHz 




One version of the AD579 10- 
bit a-d converter performs a full- 
accuracy conversion within 1.8 11s 
at maximum. Applications for the 
converter include data acquisition 
systems with throughput require- 
ments of up to 550 kHz. The device 
may be short-cycled to provide 
faster conversions at lower reso- 
lutions. Key specifications in- 
clude a maximum linearity error 
of ±Vz LSB, a gain temperature 
coefficient of ±30 ppm/°C max- 
imum, and a power requirement 
of 775 mW. A number of features 
make the AD579 easy to use, in- 
cluding a choice of parallel or 
serial output, short cycle capabili- 
ty, an adjustable internal clock, 
and input ranges of ±5 V, ±10 V, 
to +10 V, and to +20 V. The 
internal reference can also be ap- 
plied externally to supply up to 
±1 mA. Four grades of the AD 579 
are available. JN and KN grades 
are specified over the to +70°C 
temperature range and are pack- 
aged in a 32-pin side-brazed 
ceramic DIP with a polymer seal. 
BD grades are specified over the 
-25°C to +85°C range and TD 
grades are specified over the 
-55°C to +125°C range; BD and 
TD versions are packaged in the 
32-pin side-brazed ceramic DIP 
with a hermetic seal. Power re- 
quirements are ±15 V at +8 mA 
and -35 mA maximum and +5 
V at 110 mA maximum. Optional 
"Z" models are available for 
operation from ±12-V supplies. 

Analog Devices Semiconductor, 
804. Woburn St., Wilmington, MA 
01887. (617) 935-5565. $178.75 
(AD579TD) (100 qty). 

CIRCLE 354 
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16-bit DAC incorporates 
ijP for self-calibration 




A true 16-bit a-d converter 
module, the DAC74, incorporates 
a microprocessor-based calibra- 
tion circuit that prohibits non- 
linearity and gain error from ex- 
ceeding ±0.00075%, and keeps 
offset from exceeding ±80 nV, 
over a 30° temperature range 
from 15 to 45°C for one year. The 
calibration circuit reduces total 
error to ±1 LSB over the same 
temperature range. A single TTL 
signal initiates the 2.5-s calibra- 
tion cycle. The converter provides 
a unipolar or bipolar output. 

Burr-Brown, P.O. Box 111*00, 
Tucson, AZ 85731*. (602) 71*6-1111. 
$11*95; stock to 1* whs. 
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12-bit ADCs serve as 
alternatives to ADC85/87 




Two 12-bit, 10-ms, a-d con- 
verters, the DDC ADC85 and the 
DDC ADC87, serve as pin-for-pin 
replacements of the industry- 
standard ADC85 and ADC87. The 
converters operate from ±15 or 
±12-V supplies at 1.2 W power 
dissipation. The 12-bit a-d con- 
verters come in hermetic 32-pin 
DIPs. 

ILC Data Device Corp., 105 
Wilbur PL, Bohemia, NY 11716. 
(516) 567-5600. From $11*3; stock 
to 1* wks. 
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ANALOG CIRCUITS 



Clock and resistors set 
chip filter's parameters 

An external clock and three to 
four resistors are the only ex- 
ternal components necessary to 
set the center frequency, gain, 
and Q of the MF10 monolithic 
filter. The filter sets the center 
frequencies of various second-or- 
der functions (up to 20 kHz) 
directly proportional to an ex- 
ternal clock frequency, or directly 
proportional to both the clock fre- 
quency and external resistor 
ratios. As a result of the elimina- 
tion of capacitors, the complexity 
of tuning the center frequency is 
substantially reduced. The 
stability of the filter frequency 
depends on the quality of the 
clock. A single clock drives an 
infinite number of the filters. The 
device performs a wide variety of 
functions, including allpass, 
highpass, bandpass, and notch. 
Up to fourth-order functions— 
and any of the classical filter 
configurations, such as But- 
terworth, Bessel, Cauer, and 
Chebyshev — can be easily ar- 
ranged by cascading devices. 

National Semiconductor, 2900 
Semiconductor Dr., Santa Clara, 
CA 95051. (1*08) 737-5000. $3.70 
(100 qty). CIRCLE 357 



Signal processing chip 
calculates FFTs 

A signal processing chip, the 
S2814A, uses a decimation-in-fre- 
quency technique to calculate 32- 
point fast Fourier transforms and 
inverse fast Fourier transforms 
in as little as 1.3 ms. Optional 
versions process larger trans- 
forms, extend dynamic range 
from 57 to 70 dB, and compute the 
power spectrum of the transform- 
ed signal. 

American Microsystems, Inc., 
3800 Homestead Rd., Santa Clara, 
CA 95051. (1*08) 21*6-0330. $250 
(100 qty). CIRCLE 358 



Op amp reduces input 
offset to 10^V 

A series of operational amplifi- 
ers, the OP-07 line, reduces input 
offset to 10 £tV. Low-frequency 
noise up to 10 Hz measures 0.35 
iuV pk-pk. In addition, internal 
biasing reduces external bias and 
offset currents to ±1 nA over the 
range of -55 to ±125° (military 
versions). The series includes 5 
grades for industrial and military 
environments. 

Raytheon Semiconductor, 350 
Ellis St., Mountain View, CA 
91*01*0. (1*15) 968-9211. From $J*.50 
to 1*9.50 (100 qty). CIRCLE 360 



High-voltage op amps 
slew 200 y/ixs 




The PA84 and the PA84A 
hybrid op amps deliver outputs up 
to 290 V at load currents of ±40 
mA with a 200-V/^s slew rate. 
Internal over-temperature pro- 
tection safeguards outputs. In- 
ternal current limiting enables 
the amplifiers to withstand a 
short circuit without causing 
secondary breakdown. Output 
transistors are biased for a con- 
tinuous on condition to enhance 
linearity. The input circuit is also 
protected against differential in- 
put voltages as great as the 
power-supply potential. The 
PA84 reduces input-offset voltage 
drift to 10 mV/°C; the PA84 
tightens the specification to 5 
mV/°C. Both op amps accept 
power supply voltages from ±150 
V (or 300 V, total) to ±15 V (30 
V, total). 

Apex Microtechnology Corp., 
1130 E. Pennsylvania St., Tucson, 
AZ 85711*. (602) 71*6-081*9. $66.50 
(PA81*), $77.50 (PA81*A) (100 qty). 

CIRCLE 359 
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COMMUNICATIONS 



Amplifier fori to 2 GHz 
gives 30-dBm output 




GaAs FET amplifiers in the 
APG-2000 series provide 10, 20, or 
30-dB gain, as flat as ±0.5 dB, 
over the range of 1 to 2 GHz for 
a minimum output power of 30 
dBm at 1 dB gain compression. 
The amplifiers reduce operating 
noise to a maximum of 5 dB. The 
amplifiers, which come in 
aluminum cases with O-ring seals 
for protection from humidity and 
heat-dissipating fins for opera- 
tion without forced-air cooling, 
typically draw from 875 to 975 
mA from a 15-V dc power supply. 
An integral dc-dc converter pro- 
vides each GaAs FET with both 
positive and negative bias 
voltages, permitting the device 
source terminals to be electrically 
grounded and reliably heat-sunk. 

Avantek, Inc., 3175 Bowers 
Ave., Santa Clara, CA 95051. (408) 
727-0700. From $1000 to $2000; 13 
wks. CIRCLE 361 



Two-wire pair transfers 
24-bit input at 7 kbits/s 

A two-wire transmitter and re- 
ceiver pair, the STAR, converts a 
24-channel parallel input from 
contact closures or TTL signals to 
serial format for transfer at a rate 
of 7 kbits/s. Expansion modules, 
available in 24-bit increments, in- 
crease the data word-length to 96 
bits for two-wire transmission. 
Latched outputs are available as 
standard logic drivers or high- 
power open collectors rated at 50 



V at 0.3 A to drive relays. The 
transmitter and receiver operate 
from 5-V supplies. Terminal 
blocks on both the transmitter 
and receiver modules accept 18 to 
22-AWG wires. 

Analite, Inc., 24. Newtown 
Plaza, Plainview, NY 11803. (516) 
752-1818. 
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GaAs FET amplifier gives 
14-dB gain at 12 GHz 

■ FET AMPLIFIER uu — 

MODELNO.A55I-82 
SERIAL NO 5&» 1297 
FREQ. 7 0-12.0 GHz 

I 1| I 2 

A hybrid GaAs FET amplifier, 
the A55I-82, covers from 7 to 12 
GHz with a minimum gain of 14 
dB, a 6-dB noise figure, and a 
typical 13-dBm output at 1 dB 
compression. The amplifier in- 
corporates a regulator chip in- 
circuit. The package is compatible 
with stripline applications. 

Aertech Industries, 825 Ste- 
wart Dr., Sunnyvale, CA 94.086. 
(408) 732-0880. 
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Microwave mixers work 
in EW applications 




Four broadband double-bal- 
anced mixers, the M83, M88, M89, 
and M93, cover 2 to 18 GHz over 
rf and LO ranges while affording 
the user an IF choice of either 0.03 
to 4 GHz or 1 to 8 GHz. The mixers 
work in up-conversion and down- 
conversion applications and, 
along with their dc-coupled IF 



ports, operate as phase detectors 
or biphase modulators. All four 
mixers come in hermetically 
sealed microstrip packages or in 
drop-in SMA-connector housings. 
They operate over the tem- 
perature range of -54°C to 
+100°C. 

Watkins-Johnson Co., 333 Hill- 
view Ave., Palo Alto, CA 94304- 
(415) 493-4141- CIRCLE 364 



Delay-line i-f limiter 
discriminators aid EW 

A series of delay-line i-f limiter 
discriminators, the ICDX family, 
serves radar and EW applications 
that require measurement of the 
frequency of a pulsed carrier and 
applications in which FM in- 
formation is carried within 
pulses. Leading and trailing-edge 
transients in limiter discrimina- 
tors result from AM to PM con- 
version in limiter stages and 
small time-delay variations 
through the opposing detectors 
used to generate an "S" curve. The 
series reduces these transients by 
using a simulated delay line for 
demodulation and a constant- 
phase limiter/driver. Six models 
cover center frequencies of 60, 70, 
160, 300, and 400 MHz. 

RHG Electronics Laboratory, 
Inc., 161 E. Industry Court, Deer 
Park, NY 11729. (516) 242-1100. 
From $727 to $1350, 9 wks. 
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PIN-switch driver takes 
TTL direction 

A TTL-compatible driver for 
PIN microwave switches, the 
207F, operates within 10 ns up to 
20 MHz. The driver uses a 12-V 
supply and comes packaged in a 
0.375 X 0.375-in. flatpack. 

New England Microwave Corp., 
26 Hampshire Dr., Hudson, NH 
03051. (603) 883-2900. 
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ELECTRONIC DESIGN MAGAZINE'S 
1981 IC Applications Conference 

■Biiiili 



October 19-23, 1981 



The Airporter Inn Hotel 
18700 MacArthur Blvd. 
Irvine, CA 92715 

Just minutes from Orange County's 
John Wayne Airport 



Be There As Leading IC Manufacturers 
Describe Their Newest Integrated Circuits 

• Receive Over 700 Pages 
Of Applications Information 

• Pick Up The Latest Catalogues, 
Data Sheets And Literature 

• Meet Informally With Representatives 
lajor Integrated Circuit Manufacturers 



Of 



_ 



Attend Entire Conference or Individual Programs 



CUSTOM IC SESSIONS 



LINEAR ICs 



FOR REGISTRATION INFORMATION CALL: 

(516) 367-4394 



Call For Your Complete 
Program Brochure 



ElectronicDesign 

Electronic Design's function is: 

■ To aid progress in the electronics industry 
by promoting good design. 

■ To give the electronic design engineer 
concepts and ideas that make his job easier 
and more productive. 

■ To provide a central source of timely 
electronics information. 

■ To promote communication among mem- 
bers of the electronics community. 
Want a subscription? Electronic Design 
is circulated free of charge to those individ- 
uals in the United States and Western 
Europe who function in design and develop- 
ment engineering in companies that in- 
corporate electronics in their end product 
and government or military agencies in- 
volved in electronics activities. For a free 
subscription, use the application form 
bound in the back of the magazine or write 
for an application form. 

If you do not qualify, paid rates for a one 
year subscription (26 issues) are as follows: 
$40. U.S., Canada, Mexico, Central America. 
International annual subscription rates 
listed below include air delivery: $80. Eu- 
rope; $125. South America; $135. Mideast, 
Japan, North Africa; $150. Central/South 
Africa; $165. Other Asia; $170. Australia 
and New Zealand. Single copies (when avail- 
able) may be purchased for $4. U.S., Canada, 
Mexico, Central America; $5. Europe and 
South America; $6. North Africa, Central 
Africa, South Africa, Mideast and Japan; $7. 
Other Asia, Australia and New Zealand. The 
GOLD BOOK (27th issue) may be purchased 
for $40. U.S., Canada, Mexico, Central 
America and $50. all other countries, via 
surface mail. 

If you change your address, send us an old 
mailing label and your new address; there 
is a coupon in the Products section of the 
magazine for this purpose. Please allow 6 
to 8 weeks for address change to become 
effective. You must requalify in order to 
continue receiving Electronic Design free 
of charge. 

Electronic Design's accuracy policy: 

■ To make diligent efforts to ensure the 
accuracy of editorial matter. 

■ To publish prompt corrections whenever 
inaccuracies are brought to our attention. 
Corrections appear in "Letters." 

■ To encourage our readers as responsible 
members of our business community to 
report to us misleading or fraudulent ad- 
vertising. 

■ To refuse any advertisement deemed to 
be misleading or fraudulent. 
Individual article reprints and microfilm 
copies of complete annual volumes are avail- 
able. Reprints cost $6.00 each, prepaid ($.50 
for each additional copy of the same article), 
no matter how long the article. Microfilmed 
volumes cost $23 for 1976 (Vol. 24); $30 for 
1973-75 (Vols. 21-23), varied prices for 
1952-72 (Vols. 1-20). Prices may change. For 
further details and to place orders, contact 
Customer Services Dept. University Micro- 
films, 300 N. Zeeb Rd., Ann Arbor, MI 48106. 
(313) 761-4700. 

Want to contact us? Address your cor- 
respondence to: 
Editor 

Electronic Design 

50 Essex St. 

Rochelle Park, NJ 07662 



MATERIALS 



Semiconductor insulator 
needs no grease 

A thermally conductive, elec- 
trically isolating interface mate- 
rial for mounting semiconductor 
devices, Cho-Therm 1685, re- 
quires no grease, unlike mica or 
beryllium insulators. The materi- 
al provides a thermal impedence 
of 0.25°C/W and has a break- 
down-voltage rating in excess of 
2500 V. The insulators are 
available cut to standard or non- 
standard power-semiconductor 
case configurations, with or 
without an adhesive coating on 
one side. 

Chomerics, Laminates, Inc., 77 
Dragon Ct, Woburn, MA 01888. 
(617) 935-4850. 
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As dopant produces 
source-drain diffusions 




An arsenic-based spin-on do- 
pant, Accuspin AS-310, works in 
the production of shallow-junc- 
tion source-drain diffusions for 
MOS circuits or deep-diffused 
buried-collector layers. The dop- 
ant can be used from 1000 to 
1050° C to provide sheet resistance 
values of 25 to 35 /square at 
junction depths of 0.3 to 0.5 jim. 
The liquid comes in 125-ml, 500- 
ml, and one liter plastic bottles. 

Allied Chemical, Electronic 
Chemicals Group, P.O. Box 1139, 
Morris Township, NJ 07960. (201) 
455-2000. CIRCLE 368 



SUBASSEMBLIES 



^P-based counter/timer 
withstands industrial use 




A 4'/2-digit microprocessor- 
based timer/counter with a sealed 
front panel to protect against con- 
taminants, the CX300, offers four 
time ranges from 0.01 s to 199 h, 
59 min. The unit performs 19,999 
counts at count speeds of 
500/min. ac or dc, 5000/min. ac 
or dc, and 5000/s dc. The 
counter/timer incorporates an 
LCD and a battery-protected 
memory. The unit has two form- 
C instantaneous contacts rated at 
10 A and two form-C delayed 
contacts rated at 10 A. Optional 
5-A gold-diffused, silver contacts 
are addressable. 

Eagle Signal Industrial Con- 
trols, 736 Federal St., Davenport, 
IA 52803. (319) 326-8120. $175. 

CIRCLE 369 



Flat accelerometer 
gives 5 mV/g at 20 kHz 

An accelerometer with an inte- 
gral preamplifier, the Model 9001, 
measures vibration on small, 
light masses over a frequency 
range of 3 to 20,000 Hz with a 
sensitivity of 5 mV/g. The ac- 
celerometer, which stands 0.25-in. 
tall and weighs 0.75 grams, 
operates at accelerations up to 
500 g without clipping and re- 
quires no charge amplifier. The 
unit withstands a 10,000-g shock. 

Vibra-Metrics, Inc., 385 Put- 
nam Ave., Hamden, CT 06517. 
(203) 288-6158. CIRCLE 370 
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NewLiterature 




Ceramic substrates 

A six-page bulletin includes 
diagrams and tables that describe 
the electrical and physical proper- 
ties of multilayer ceramic sub- 
strates. 3M. 

CIRCLE 371 



PC connectors 

An eight-page bulletin de- 
scribes a line of high-density, 
two-piece board connectors with 
up to 96 contacts in three rows. 
Panduit. 

CIRCLE 372 



Relays 

A 125-page catalog describes a 
line of sealed relays for PC board 
installation, a series of mercury- 
wetted relays, and programmable 
time delay relays. Extensive ap- 
plication data assist selection. 
Midtex. 

CIRCLE 373 



Plugs and jacks 

A four-page catalog details a 
line of battery snaps, plugs, and 
jacks. Drawings are included. 
Connector Corp. 

CIRCLE 374 



Connectors 

A catalog describes a full line 
of high-reliability electronic in- 
terconnection and packaging com- 
ponents ranging from sockets and 
headers to mounting racks, back- 
planes and boards. Garry. 

CIRCLE 375 



Printers 

A catalog describes two 20-col- 
umn alphanumeric thermal print- 
ers, one with an RS-232 interface. 
Also included is information on a 
digital tape recorder and a 
bubble-memory storage module. 
Memodyne. 

CIRCLE 376 



Power conditioners 

A 20-page catalog discusses 
sources of surges, transients, and 
noise, and features line monitor 
power conditioners to counter 
them. SGL Waber Electric. 

CIRCLE 377 



Impact printers 

A six-page brochure describes a 
line of dot-matrix impact print 
mechanisms, including informa- 
tion on print speeds, characters 
per line, print area, printheads, 
sweep, and operating tem- 
peratures. Eaton. 

CIRCLE 378 



Glass photomasks 

A 12-page booklet describes 
image-plane plate-glass photo- 
masks for imaging applications. 
The booklet outlines the advan- 
tages of image-plane photomasks 
over conventional emulsion-coat- 
ed glass plates or film in the 
production of PC boards, flexible 
circuits, and other products that 
require fine line geometries. PPG 
Industries. 

CIRCLE 379 
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electronic 
attenuator/ 
switches 




1 to 200 MHz 

only S28 95 (5-24) 

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY 



PAS-3 SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
INPUT 1-200 
CONTROL DC-0.05 

INSERTION LOSS, dB TYP. MAX. 

one octave from band edge 1.4 2.0 

total range 1.6 2.5 

ISOLATION, dB TYP. MIN. 

1-10 MHz IN-OUT 65 50 

IN-CON 35 25 

10-100 MHz IN-OUT 45 35 

IN-CON 25 15 

100-200 MHz IN-OUT 35 25 

IN-CON 20 10 

IMPEDANCE 50 ohms 

For complete specifications and performance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory, the Goldbook or EEM. 



finding new ways . . . 
setting higher standards 

^Mini-Circuits 

A Division of Scientific Components Corporation 
World's largest manufacturer of Double Balanced Mixers 

2625E, 14th St. B'klyn, N.Y. 11235(212) 769-0200 

76-3 REV ORIG 

CIRCLE 95 



• miniature 0.4 x 0.8 x 0.4 in 

• hi on/off ratio, 50 dB 

• low insertion loss, 1 .5 dB 

• hi-reliability, HTRB diodes 

• low distortion, +40 dBm 
intercept point 

• NSN 5985-01-067-3035 



Advertising Sales Staff 

Robert A. Lukas, National Sales Mgr. 
Rochelle Park, NJ 07662 (201) 843-0550 
San Francisco, CA 94087 (408) 736-6667 
Rochelle Park NJ 07662 
Thomas P. Barth, Robert W. Gascoigne, 
Constance McKinley, Becky McAdams, 
Roberta Renard, Stan Tessler, 
Carol Helton, Carolyn Russell 
Sales Assistants: Mary Burke, 
Mary Dickson, Francine Guerra, Supv.; 
Betsy Tapp, Manuela Trovarelli 
50 Essex St., (201) 843-0550 
TWX: 710-990-5071, (HAYDENPUB 

ROPK) 
Philadelphia 

Thomas P. Barth (201) 843-0550 
Boston 

M.E. "Casey" McKibben, Jr. 
1620 Worcester Rd., 554B 
Framingham, MA 01701 
(617) 620-0462 
Chicago 60611 

Thomas P. Kavooras, Craig L. Pitcher 
Sales Assistant: Mary Mahalek 
200 East Ontario 
(312) 337-0588 
Cleveland 

Thomas P. Kavooras (312) 337-0588 

T6X3S 

Craig L. Pitcher (312) 337-0588 
Los Angeles 90045 
Stanley I. Ehrenclou, Burt Underwood, 
Ian C. Hill 

Sales Assistant: Betty Fargo 
8939 South Sepulveda Blvd. 
(213) 641-6544 
San Francisco 
Robert A. Lukas, 
National Sales Manager 
Bill Sleight, Frank Moncrief, 
Rich Bastas 

Sales Assistant: Nancy Miguelgorry 
1307 South Mary, Suite 212 
Sunnyvale, CA 94087 
(408) 736-6667 

United Kingdom-Scandinavia 

Constance McKinley 

50 Essex St., Rochelle Park, NJ 07662 

(201) 843-0550 

Belgium, Holland, Switzerland, 
Germany 

W.J.M. Sanders 
S.I.P.A.S. 

Raadhuisstraat 24 - P.O. Box 25 
1484 EN Graft-de-Ryp, Holland 
Tel: 02997-1303 and 3660 
Telex: 13030 SIPAS NL 
Telegrams: SIPAS-Amsterdam 
France: Gerard Lasfargues 
32 rue Desbordes Valmore 
75016 Paris, France 
Tel: 1-504-97-94 
Italy: Luigi Rancati 
20090 Segrate 

Milano S. Felice Torre 5, Italy 
Tel: 02-75-31-445 
Telex: 311010 Orchid 2 
Japan: Haruki Hirayama 
EMS, Inc. 

Room 801, Shinjuku Komuro-Heim 

1-22, Shinjuku 4-chrome, Shinjuku-ku 

Tokyo 160, Japan 

Phone: (03) 350-5666 

Cable EMSINCPERIOD, TOKYO 

Hong Kong: Mr. Joseph Lau, Adv. Mgr. 

Excellence Promotion Company 

P.O. Box k3125 

Kowloon Hong Kong 

Tel: 3-428-298 

Recruitment Advertising Manager: 

Roberta Renard (201) 843-0550 
Kim Colletti 
Janet O. Penn 



Vbpa 





Trimmers 

A 76-page catalog describes a 
line of wirewound and cermet 
trimmers and resistors. Ranges, 
sizes, shapes, and methods of 
mounting are included, and there 
are sections on military specifica- 
tions, outline templates, and 
characteristics. Bourns. 

CIRCLE 380 



DIP sockets 

A 44-page catalog contains 
specificatons and ordering in- 
formation on DIP and transistor 
sockets, cable sockets, plugs, jum- 
pers, and strip connector pro- 
ducts. Samtec. 

CIRCLE 381 



Software packages 

A four-page brochure describes 
a library of image processing 
software, including disk paging, 
tape I/O, pixel move and convert 
routines, enhancement and ex- 
pansion analysis, and interpreta- 
tion capacities. DeAnza Systems. 

CIRCLE 382 



Millimeter-wave systems 

Over 100 pages describe compo- 
nents and systems for millimeter- 
wave transmission and reception, 
including instrumentation. The 
edition highlights a computer- 
controlled millimeter-wave net- 
work analyzer. Hughes Aircraft. 

CIRCLE 383 
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Small-signal transistors 

A four-page data sheet reviews 
the LT4700 small-signal, low- 
noise microwave transistors. 
Charts include typical noise 
figures and associated power gain 
vs frequency, noise measure vs 
frequency, and output power vs 
collector current. TRW. 

CIRCLE 384 



Pressure transducers 

A catalog details a line of pres- 
sure transducers that come with 
or without integral amplifiers for 
aircraft use. Photos, drawings 
and specifications are included. 
Kulite Semiconductors. 

CIRCLE 385 



Thumbwheel switches 

A six-page product guide con- 
tains photographs and diagrams 
of ten commercial and industrial 
thumbwheel digital switches. 
Digitran. circle 386 



Delay lines 

A 20-page catalog reviews a line 
of BAW delay lines for radar 
signal processing. The booklet re- 
views delay-line principles. 
Thomson-CSF Components. 

CIRCLE 387 



Headers and sockets 

A four-page brochure outlines 
a line of headers and sockets, with 
from 10 to 60 contacts, that meet 
MIL-C-83503 dimension specifica- 
tions. Robinson-Nugent. 

CIRCLE 388 



X-Y recorders 

A six-page bulletin describes 
the performance of a series of lab- 
quality X-Y recorders. Gould. 

CIRCLE 389 



GM may drop 
its technical college 

In a move to cut corporate over- 
ad costs, General Motors Corp. 
considering doing away with its 
wholly owned General Motors In- 
stitute (Flint, MI), which for 62 
years has trained technicians, 
engineers, and managers for the 
automotive giant. 

By all accounts, GMI has been 
a success. Of the total graduates 
of the five-year accredited college, 
96% have gone to work for the 
company, and often— because 
GMI's recruitment has been 
highly selective — these engineers 
and managers have been the 
cream of the crop. In some cases, 
much of the company has ended 
up working for them: GM's presi- 
dent, F. James McDonald, and 
nine vice presidents have passed 
through the Institute's gates. But 
according to officials, GM is now 
seeking less costly and more effec- 
tive ways of recruiting and train- 
ing engineers and other technical 
professionals. 



Engineers rank low in 
management potential 

Two studies by AT&T, one 
started in 1956 and one started in 
1977, come to the same con- 
clusion: Engineers are least likely 
to have the characteristics that 
AT&T considers necessary for 
promotion into management. 

The studies tracked the career 
progress of hundreds of AT&T 
employees with degrees in 
humanities, business, and 
engineering. Nearly 50% of the 
humanities/social science majors 
were considered to have potential 
for middle management, com- 
pared with 31% of the business 
majors. Only 26% of the engineers 
were rated favorably. 

According to Robert E. Beck, 



AT&T's assistant vice-president 
of human resources, in a paper 
describing the studies, "both the 
humanities/social science majors 
and the engineers have shown a 
consistent pattern of strengths 
and weaknesses that held over a 
20-year period in the two 
longitudinal studies." 

Beck adds that AT&T's first 
management-assessment center 
was able to identify with re- 
markable accuracy which study 
participants would eventually re- 
ceive promotions. Assessment 
centers are now used company- 
wide to determine potential for 
advancement. Over 250,000 peo- 
ple have been assessed to date, 
and the method has spread to 
hundreds of other companies. 



Immigration reform 
would ease alien hirings 

As part of an ambitious 
package of immigration law re- 
forms, the Reagan administration 
has proposed a "guest worker" 
provision that significantly 
streamlines the rules under which 
foreign nationals can be hired to 
fill technical jobs in the United 
States. 

The plan would eliminate the 
current requirement that an 
employer must show case by case 
that a job offered to an alien 
cannot be filled by a U.S. citizen. 
Instead, the Department of Labor 
will publish an annual list of 
employment categories for which 
not enough U.S. citizens can be 
found and open those jobs to 
aliens, to be filled with a 
minimum of paperwork. The 
present alien employment process 
often takes a year or more and 
imposes thousands of dollars in 
bureaucratic costs. Since the 
U.S.'s engineering shortage is 
well publicized, many engineers 
fear that the Reagan plan would 



open such employment to aliens. 

However, those close to con- 
gressional immigration policy 
leaders indicate that the 
President's proposals will prob- 
ably meet with resistance and 
amendments before they become 
law. They say that the guest 
worker provision in particular is 
strongly opposed by Sen. Alan 
Simpson (R-WY), chairman of the 
Senate Immigration and Refugee 
Policy Committee. 

"We have a situation where an 
entire economy and social educa- 
tion policy could be overrun by the 
sheer numbers of nonresident 
people flooding into this country," 
says Mary Kay Wilson, press as- 
sistant to the senator. "We should 
tend to ourselves. If there are job 
openings, they should be filled — 
in whatever way — by American 
citizens." 



Feerst launches 
write-in campaign 

Irwin Feerst, IEEE's perennial 
reformer and gadfly, is taking a 
last-minute shot at the office of 
Region 1 IEEE Director. His 
latest newsletter urges that all 
eligible IEEE members write in 
his name for this job on the 1981 
annual election ballot, which has 
already been sent out to the In- 
stitute membership. All ballots 
must be signed and returned to 
the Independent Election Corp. of 
America (Westbury, NY) by Nov- 
ember 2, 1981. 

There are no petition can- 
didates for national offices this 
year, and all the Board of Direc- 
tors nominees are running unop- 
posed. In Region 1, three can- 
didates nominated by the region 
are also seeking the Director posi- 
tion: Alex Gruenwald, Joel B. 
Snyder, and Bruce D. Wedlock. 

Don Mennie, Jeffrey Rothfe 
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RecruitmentAndClassifiedAds 



PLACE YOUR AD AT ONLY $73 PER COLUMN INCH IN 

ElechonicDesign 

YOU REACH ENGINEERS WITH TITLES LIKE THESE: 

• Chief Engineer • Development Engineer • Design Engineer • Project 
Engineer • Electronic Engineer • Engineer-Supervisor • Section Leader 

• Staff Engineer • Systems Engineer • Test Engineer • Standards 
Engineer • Master Engineer 

Total Qualified and paid 117,000 
ElectronicDesKjn recruitment advertising rates 

15% commission to recognized agencies supplying offset film nega- 
tives. 2% 10 days, net 30 days. Four column makeup. Column width 
1-3/4" x 10" 

DIMENSIONS 



SPACE 


Wide 




Deep 


COST 


"One column inch 


1-3/4' 


X 


1" 


$73. 


1/8 page (1/2 col.) 


1-3/4" 


X 


5" 


$358. 


1/4 page (1 col.) 


1-3/4' 


X 


10" Vert. 


$723. 




3-1/2' 


X 


5" Hor. 




1/2 page (2 cols.) 


3-1/2" 


X 


10" Vert. 


$1,445. 




7" 


X 


5" Hor. 




3/4 page (3 cols.) 


5-1/4' 


X 


10" 


$2,168. 


1 page 


7" 


X 


10" 


$2,890. 



REVISED RECRUITMENT & CLASSIFIED RATES 
. Rates 1X 4X 7X 13X 19X 26X 39X 

Per Column Inch $73 $71 $66 $61 $58 $56 $55 



52X 
$54 



LATE CLOSING DATES 

Electronic Design is mailed every two weeks. Because of its timeli- 
ness, personnel recruitment advertising closes only two weeks before 
each issue's mailing date. 



Issue Date 

Oct. 1 5 
Oct. 29 
Nov. 1 2 
Nov. 26 
Dec. 10 
Dec. 24 



Closing Date 

Sept. 18 
Oct. 2 
Oct. 1 6 
Oct. 30 
Nov. 1 3 
Nov. 27 



Mailing Date 

Oct. 2 
Oct. 1 6 
Oct. 30 
Nov. 1 3 
Nov. 27 
Dec. 1 1 




HOW TO PLACE YOUR AD 

CALL THE RECRUITMENT 
HOT LINE 201-843-0550 
TELECOPIER EXT. 212 



Camera-ready film (right reading negatives, emulsion side down) or 
camera-ready mechanicals must be received by deadline. Or, if you 
wish us to set your ad (typesetting is free) simply pick up the phone 
and call our RECRUITMENT HOT LINE - (201) 843-0550. Ask 
for: 

Roberta Renard 

RECRUITMENT ADVERTISING MANAGER 
ELECTRONIC DESIGN 
50 Essex Street, Rochelle Park, New Jersey 07662 



ELECTRICAL 
ENGINEERS 
BSEE'S/MSEES 



HARDWARE • SOFTWARE 

If you have 1 or more years experience in any of the following 
areas: 



> ELECTRONIC ENGINEERING 

> TELECOMMUNICATIONS 

> MICROWAVE 

« SEMI CONDUCTOR 

■ HARDWARE/SOFTWARE 

> INSTRUMENTATION 

• Q.A.. RELIABILITY 

> ANALOG 'DIGITAL 

« MICROPROCESSOR 
« CIRCUITS 

« ELECTRO-MECHANICAL 

• ELECTRO-OPTICAL 



• TEST EQUIPMENT 

• POWER SUPPLY 

• COMPONENTS 

• SONAR 

• CAD/ CAM SOFTWARE 

• SIGNAL PROCESSING 

• IF/RF ENGINEERING 

• RADIO DESIGN 

• LSI DESIGN 

• ELECTRONIC PACKAGING 

• CPU DESIGN 



And possess a BSEE and or a MSEE and would like your 
career handled by a service that specializes exclusively with 
electrical engineers on a nationwide basis then send your 
resume in confidence to: 

Southern Engineering Services 

P.O. Box 2045 D 
Sarasota, Florida 33578 
f^msms^/k, Telephone 813-365-5826 




Senior Power 
Supply Engineers 

In adapting technology to solve problems in space flight, 
communications and space information systems, we've kept ahead 
of the field by finding good people and offering them exceptional 
challenge, .and the resources and support to meet them. This 
environment has enabled us to impact the industry with such major 
accomplishments as the Intelsat V, the world's largest and most 
sophisticated international telecommunications satellite. Learn more 
about challenge you can count on by responding NOW! 

High Voltage 

As the lead engineer, you will be responsible for the complete 
electronic system design of satellite power supplies, including TWTA 
and other high voltage supplies. Requires 8 years of experience in 
analog circuit design, including the design of switching regulator 
power supplies. A BS/MSEE and proficiency in modern circuit 
analysis and design techniques, including computer aided analysis 
(ECAP), are necessary. 

Low Voltage 

As the lead engineer for an assigned phase of a developmental 
project, you will be responsible for design, analysis and developmental 
hardware. Requires a BS/MSEE and 8 years of relevant work experience, 
including the design of dc/dc converters and power control 
equipment. Design experience in switching regulators and in special 
test equipment for aerospace dc power control equipment desired. 

You can count on us to provide an excellent compensation package 
including comprehensive benefits. Call (415) 494-7400, ext. 6601, 
or send a letter/resume to Professional Employment, Dept. JG-1S, 
3939 Fabian Way, Palo Alto, CA 94303. An equal opportunity employer 



Ford Aerospace & COUNT 
Communications Corp. ON US ! 




Western Development Laboratories Division 
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Discover The 
Amdahl Advantage. 



After eleven years of technological ad- 
vancement and growth, Amdahl still stands 
out as an innovator in large-scale techno- 
logy. While we have reached that level of 
maturity where we are capable of planning 
and executing our future, the enthusiasm for 
individual contribution remains an attitude 
that is uniquely Amdahl. 

...in Advanced LSI Development 

An unrestricted environment in one of the 
finest semiconductor facilities in the country 
allows Amdahl's LSI Development engi- 
neers to identify their accomplishments with 
the final Amdahl product. Individual inter- 
face with Component and Systems Deve- 
lopment, plus contact with outside centers 
of new technology — universities and re- 
search centers — enhance the total picture 
for Advanced LSI Development. And the 
opportunity to directly impact Amdahl's 
technology is one of the most significant 
advantages! 

...in Component Engineering 

An in-depth approach to characterizing the 
complex ICs, sophisticated packaging and 
unique power systems for Amdahl compu- 
ters allows our Component Development 
Engineers the time necessary to understand 
every component involved. Our vendors 
listen because we know the technologies 
they use and have the support, equipment 
and talent to contribute directly to their 
design efforts. 

We currently have opportunities for 
these positions: 

• Systems Packaging Engineer 

• Power Supply Engineer 

• Interconnect Engineer 

• Senior Systems Design Engineer 

• Senior Process Engineer 

• Senior Device Engineer 



Send your resume to Professional Employ- 
ment, Amdahl Corporation, Dept. 220, P.O. 
Box 470, Sunnyvale, California 94086. We 

are an equal opportunity employer through 
affirmative action. 

amdahl 

The excitement is contagious 



Engineers 

ELECTRONIC 
DEVELOPMENT ENGINEERS 

Talk to Taylor . . . 

We may have the opportunity you're looking for. 

A lot of good things are happening at Taylor . . . 
Taylor is growing. Things have never been better in 
any period during our entire 130 year history. Our 
Electronic Division is headlining state-of-the-art elec- 
tronics with technology and new products second to 
none in the entire process control industry. The 
emphasis is on systems . . . the latest in microproces- 
sors/computer based systems and conventional instru- 
mentation. Sales in our systems areas have tripled over 
the last three years . . . that's growth and opportunity! 
Couple that with our diverse product line and tech- 
nologies . . . our reputation for excellence in the field, 
and aggressive attitude, and an environment for the in- 
dividual . . . and you have a winning combination. 

Picture yourself in one of the following situations, 
supporting our microprocessor/computer based sys- 
tems development efforts: 

DESIGNER 

• Layout complex high density PCB's. 

ENGINEERING ASSOCIATES 

• Test microprocessor based hardware and 
firmware. 

DEVELOPMENT ENGINEERS 

• Firmware to support data base configurators. 

• Firmware for microprocessor based 
communications interface. 

• Communication interface between micro- 
processor based mini-computer and 
intelligent instruments. 

• Complex control algorithms for micropro- 
cessor based line of instrumentation. 

• High speed communication data links. 

• Continuous and discrete process control 
software design. 

SOFTWARE DEVELOPMENT 

• Computer product systems software to 
operate in stand-alone or distributed 
environments. 

• Process control networks involving multiple 
computers and microprocessor based 
instrumentation. 

• Operating systems structures, graphic 
packages, continuous and discrete control 
packages. 

• Assembly level and higher level programming 
with real time Basic, Fortran, Pascal. 

To investigate these opportunities, send resume in 
confidence to: 

TAYLOR INSTRUMENT 

Technical and Professional Placement 

Dept. 930-81 
95 Ames Street / Rochester, NY 14601 



SYBRON 



Taylor 
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Attn: Recruiters 

Expose Your Recruitment Ads 
to the Largest Audience of 
Electronic Design Engineers Available 

... in 

ElectronicDesign's 

Recruitment Advertising Section 



REACH OVER 117,000 ENGINEERS 



Electronic Design is where the OEM's* largest engineering 
community is on the move. If you're looking to connect with 
that special breed of engineer - today's professionals with 
well-designed career plans - then your recruitment adver- 
tising belongs in Electronic Design. 

Largest qualified engineering reach - 1 17,000 

Your ads in Electronic Design recruit from the largest 
qualified engineering audience . . . 117,000 Engineers . . . 
covering the hottest growth and emerging technology 
markets. 



Quality readership and exposure 

Our Engineers are interested in more than just news. That's 
why they read Electronic Design. They are actively building 
their personal and professional growth. 

Your recruitment campaigns 

Your recruitment advertising in Electronic Design translates 
into a steady flow of engineers . . . helping insure that your 
recruitment strategies connect with success. 



Everything you always wanted 
to know about electronic engineers 

Send for your FREE copy of Electronic Design's Engineering 
Career Survey - a detailed profile of today's engineers - and 
how to reach them. 

"Electronic Original Equipment Market 



Electronic Design's Audience Profile 

1) 74.6% of all Electronic Design subscribers are involved 
in Design & Development engineering. 

2) 83.4% have a college degree, while 35.7% have an 
advanced degree. 

3) median length of employment is 5.8 yrs. (at present 
company]. 

4) median compensation in 1979 was $26,502. 

5) median anticipated increase is 8.6%. 

6) the average member of a project team spends 23.4 hrs. 
per week doing engineering. 

7) 93.7% indicate a reading frequency of 3 out of 4 issues 
or greater of Electronic Design. 

8) 76.9% have had occasion to refer to back issues (which 
proves that Electronic Design is not discarded, but is 
often referred to. 



r 

PLEASE RUSH THE FOLLOWING 

□ FREE Engineering Career Survey 

□ Complete Recruitment Media File 

□ Information on Electronic Design's Career Extra 

Recruitment Newspaper. 

Name 



Title . 



Address 



City State 

Phone ( I 



Mai! lo: Roberta Renard. Recruitment Advertising Manager Electronic Design, 
50 Essex Street Rochelle Park New Jersey 07662 (201) 843-0550 




Rocky Mountain 

Positions 




• Data Acquisition 

• Communications 

• Graphics 

• Software 

• Instruments/ Biomed 

Career Marketing 
Associates 

Mr. Jan M. Sather 
Electronics Specialist 
5031 S. Ulster, #430 
Denver, Colorado 80237 
(303) 779-8890 



LU 



SOUTHEAST 

Our 14 Offices in NC, SC, Ga, Tn, Va 
and Fla specialize in Control Systems, 
Instrumentation. Electronic Design, and 
Engineering positions from 24 to 40K. 
Aggressive, fee-paid, confidential ser- 
vice. Send resume to Louis Bregger, 
BEALL PERSONNAL, P.O. Box 4006ED, 
Anderson, SC 29622. 



Providing technical challenges for the future demands top 
level creative talent. WED Enterprises, the design and en- 
gineering subsidiary of Walt Disney Productions has im- 
mediate opportunities for: 

ELECTRONICS DIVISION SECTION 
SUPERVISORS 

Immediate openings exist for 

CONTROL SYSTEMS SECTION 
SUPERVISOR 

AND 

AUDIO DEPARTMENT SECTION 

SUPERVISOR 

Lead a project team of highly technical engineers in the de- 
velopment of new and sophisticated electronics systems 
used by the Disney organization for its major projects. 

If you have a BS Degree and 10 years of engineering experi- 
ence with project responsibilities... WED Enterprises wants 
you! 

Send a resume or call immediately to: 



(213) 956-7666 
WED Enterprises 
800 Sonora Avenue 
Glendale, California 91201 



An Equal Opportunity Employer 




Electronic 
Design 



BRINGS YOU THE HIGHEST 
NUMBER OF QUALIFIED EOEM 
ENGINEERS AND 
ENGINEERING MANAGERS 

ANYWHERE 
... AT THE LOWEST COST 
ANYWHERE! 



ELECTRONIC 
SPECIALISTS 

R.J. Evans & Associates, 
Inc., a leading edge Cor- 
porate Recruiting Firm for 
the high technology in- 
dustry. Our clients' needs 
are extensive. Chances 
are we have the right 
position, salary, respon- 
sibilities and location you 
desire. Forward your 
resume for confidential 
consideration or 
telephone us directly. 

R.J. EVANS & 
ASSOCIATES, INC. 

26949 Chagrin Boulevard #300 
Beachwood, Ohio 44122 
1/216/464-5100 



MINI APPLICATION 



Name 


Home Address City 


Stale 


Zip 


Home Phone 


Other 




Degree 


Job Title 




Present Employer 


Since 





Location Preferred 



Salary Requirement 



SPECIAL LATE CLOSE 

Recruitment advertisers have special "late close" privileges in 
Electronic Design. Each issue closes only 14 days before mailing 
date. Don't get lost in general newspapers ... go where you'll 

find experienced engineers You'll find them reading 

Electronic Design! 
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L SI-based 



103 



ning 
data- 
communications 
systems 




Electronic Design Editorial Reprints can help 
you spot the trends all year long. 



□ 101. Designing LSI-based telecommunications 
systems. A six-part series of design engineering articles. 
(32 pages) $4.00 

□ 102. LSI for telecommunications design. A two-part 
series on the wide range of new LSI devices emerging as 
the basis for new telecomm systems. (28 pages) $4.00 

□ 103. Designing data-communications systems. A five- 
part series of design engineering articles. 

(40 pages) $4.00 

□ 104. The bubble-memory design challenge. A four-part 
series of design engineering articles covering devices 
from Texas Instruments and Rockwell, as well as 
magnetic-bubble system test techniques. (20 pages) $4.00 

□ 105. Designing bubble-memory systems. A five-part 
series of design engineering articles covering devices 
from Texas Instruments, National, Fairchild, Intel and 
Rockwell. (28 pages) $4.00 

□ 1 06. Designing 1 6-bit microcomputer systems with 
the MC 68000. A four-part series of design engineering 
articles. (20 pages) $4.00 



Name 



□ 107. Programming in Pascal. A six-part series of 
design engineering articles. (36 pages) $4.00 

D 108. Fiber optics— Assessing a new technology. A 

five-part series on new components, cables, and systems 
applications. (20 pages) $4.00 

□ 109. Fiber optics— Designing with a new technology. 

A five-part series of design engineering articles on 
coding, analog transmission, connectors, emitters and 
terminations. (24 pages) $4.00 

□ 110. Switching power supplies— Components, con- 
figurations and models. Seven design articles, including 
a four-part series on moving from 20-kHz to more than 
200-kHz operation. (44 pages) $4.00 

□ Microcomputer Operating Systems wall chart. A 

20 x 30-in. chart listing the features of more than 100 
operating systems for microcomputers. $2.00 

□ DR-1: Designer's Reference to semiconductor 
memories: PROMs and RAMs. Thirty-five pages of design 
data, including performance summaries and pinout 
sketches. $6.00 



Title . 



Company 
City 



Address 
State 



-Zip. 



Send to: Electronic Design Reprints, 50 Essex Street. Rochelle Park, N.J. 07662. 
Please enclose payment with your order. (New Jersey residents add 5% sales tax.) 





400 IDEAS FOR DESIGN 

(ed. Grossman) This brand new 
volume 4 is another collection of the 
"Ideas for Design" from Electronic 
Design Magazine from 1975-1979. 
These ideas have proved their 
usefulness to many readers, either as 
parts of larger designs or as aids in 
measuring the parameters or testing 
the effectiveness of their designs. 
Covers photodetectors, amplifiers, 
switching devices, and much more. 
0950-X, $13.95. 



Call Toll Free 

24 hours a day. 

(1-800-821-3777. ext. 302) * TO CHARGE 
YOUR ORDER TO Master Card or Visa 
Minimum order is $10.00; customer pays 
postage and handling 

From Missouri call (1-800-892-7655. ext. 302) 



^ ORDERING INFORMATION 1 

Hayden Book Co.. Inc. 

50 Essex St., Rochelle Park, NJ 07662 

Please send me the book(s) checked on 
15-day FREE examination and the software 
checked on 10-day FREE examination. At 
the end of that time. I will send payment, plus 
postage and handling, or return the book(s) 
or software and owe nothing. On all prepaid 
orders, publisher pays postage and handling 
— same return guarantee. Residents of NJ 
and CA must add sales tax. Offer good in US 
only Payment must accompany orders from 
PO Box Numbers. Name of individual 
ordering must be filled in. 

0950-X LJ 01401 □ 01413 04513 

□ 5828-4 □ 01403 □ 04501 □ 01301 

□ 0978-X □ 01404 7: 04503 01303 

□ 5753-9 □ 01407 P 04504 □ 01304 

Name 



Address- 



City/State/Zip . 



ED 81-013 



HAYDEN 
SOLVES YOUR 
DESIGN PROBLEMS . . 



ADVANCED TEST AND 

MEASUREMENT 

INSTRUMENTATION 

(ed. Runyon) Details the advances in 
test and measuring equipment 
including the widely used 
multimeters, oscilloscopes, counters, 
signal sources, and more. Also, newly 
developed instruments, such as digital 
tools aimed at the development and 
troubleshooting of digitally-based and 
microprocessor-based equipment are 
discussed 0978-X, $11.95 

MUSICAL APPLICATIONS 
OF MICROPROCESSORS 

(Chamberlin) Covers all current 
electronic and computer music 
performance techniques as they apply 
to microprocessors. Features 
previously unpublished material. And, 
in nonmathematical language, signal- 
processing techniques are presented. 
Covers analog music synthesis 
principles, the applications of 
microprocessors to controlling analog 
sound-synthesizing equipment, and 
digital synthesis techniques. Charts 
and graphs are included. 5753-9, 
$24.95. 

DIGITAL SIGNAL 
ANALYSIS 

(Sterns) Recent advances, new design 
material, and an emphasis on the 
comparisons between continuous and 
digital systems all make this handbook 
an ideal master reference to today's 
signal processing procedures and 
systems. You'll find techniques for 
analog-to-digital conversion, and 
more material, much of it unavailable 
elsewhere. 5828-4, $23.95 



MICROCOMPUTER AIDED 
DESIGN OF ACTIVE 
FILTERS 

(Gilder) Eight programs that simplify 
the design of active filters and will 
calculate the component values 
needed for various bandpass, low- 
pass, and notch-type filters. 01401, 
PET; 01403, TRS-80 Level II; 
01404, Apple II; 01407, Heath; 
each $16.95; 01413, 
Heathkit/ Zenith Disk, $21.95 

MCAP: A Microcomputer 
Circuit Analysis Program 

(Savon) Performs a linear voltage, 
impedance or transfer impedance 
analysis of an electronic circuit. The 
program calculates, lists, plots the 
circuits frequency response, and will 
analyze circuits with up to 15 nodes. 
Larger circuits can be analyzed 
individually 04501, PET; 04503, 
TRS-80 Level II; 04504, Apple II; 
each $24.95; 04513, 
Heathkit /Zenith Disk, $29.95 

ENGINEERING 
MATHEMATICS- 1 

(Gilder) Contains 8 programs useful 
to the engineer such as: Evaluation of 
a Polynomial; Quadratic Equations; 
Integration by Simpson's Rule; 
Extended Factorial Calculation; 
Solving Simultaneous Equations; 
Derivative of a Function; etc. 01301, 
PET; 01303, TRS-80 Level II; 
01304, Apple II; each $14.95 

Available at your 
local computer store! 



50 Essex Street, Rochelle Park, NJ 07662 BOOk COftlpany, IfflC. 
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400HZ OUTPUT SCOTT T— Sine & Cosine 
input to Synchro output. Part #10086 is 6v 
to 11.8, 150 ohm load, 1 X 2 X .65; #10090 
is 9v to 90, 2500 ohm load, 1-3/8 X 2-3/4 X 
7/8; #13570 is 6 v to 90, 2500 ohm load, 1-3/8 
X 2-3/4 X 7/8; #12945 is 6v to 1 1.8, 300 ohm 
load, 3/4 X 1-1/2 x 7/16— Magnetico, Inc., 
182 Morris Ave., Holtsville, N.Y. 11742— 
516-654-1166. Call us for our complete line 
of Scott T's 




400HZ OUTPUT SCOTT T 



250 



NO PERSONALITY CARDS REQUIRED! The 

MicroSupport 1400 programs all currently 
available PROMs to 64K bits via Software 
Personality. PROM programming parameters 
are called up via the hex keypad. A standard 
4KX8 RAM buffer can be used for data 
manipulation or EPROM emulation. RS-232 
interface allows data transfer and remote 
operation. Satellite units available for Bipolar 
PROMs and the 8748 family. Advant, 696 
Trimble Road, San Jose, CA 95131. (800) 
538-7502. 




PROM PROGRAMMER 



251 



SURVIVAL TESTING! Select from a series of 
AC Dropout Simulators designed to test the 
carryover integrity of power supplies. ixP- 
based systems and other line-operated equip- 
ment during simulated power failures. 
Dropouts are line-frequency synchronized 
and fully adjustable from to 500 cycles 
duration. Models are rated up to 25A at 
125/250Vac. POWERTREND TECHNOLOGY, 
3139-G Los Feliz Drive, Thousand Oaks, CA. 
91362. (805) 496-2945. 



AC DROPOUT SIMULATORS 



252 





SELF-RETAINING, RIBBED CAGE JACKS only 
from CAMBION! Specially designed to retain 
mounting position in PC boards during wave 
soldering operations. .025", .030/032", and 
.040" sizes. Also unique 5-leaf contact, .143" 
low-profile length in copper body. Gold, elec- 
trotin, or gold cage/tin body finishes. Ask for 
evaluation samples from over 100 Cambion 
distributors and get Catalog 800 today! CAM- 
BRIDGE THERMIONIC CORPORATION, 445 
Concord Ave., Cambridge, MA 02238 Tel: 
(617) 491-5400 / TWX (710) 320-6399 

RIBBED CAGE JACKS FOR PC BOARDS 2 53 



New "DIGITAL WEDGE" Enclosures. This new 
case line features a IW high readout panel 
in three standard widths; 8V2, 11.33" or 16". 
These ventilated units are constructed of .080 
aluminum for the control panel, smoked plex- 
iglas on the readout area and structural foam 
PPO side panels. Unique tabs are molded into 
the sides to mount chassis. Approx. cost for 
16" unit, $55 in 1-4 quant. Call or write for 
specs. Buckeye, 555 Marion Rd., Columbus, 
OH 43207 614/445-8433 




BUCKEYE STAMPING CO. 



254 



VID-10 BUS VIDEO CARD measures only 4.5" 
square yet can display alphanumerics in a 16 
X 32 format, or graphics with densities to 96 
X 128. It is memory mapped for quick access 
and has a latched 8-bit input port for use with 
a keyboard. Using the multiplexed N-44 bus, 
this card is compatible with a wide variety of 
other microprocessor cards using the same 
4.5" square format. 

$225 qty 1. SYNAPSE CORP. P.O. Box 1016 
N. FALMOUTH MA 02556. (617) 563-2267. 



N-44 BUS VIDEO CARD 



255 




PROGRAMMABLE CHARACTER GENERATOR. 

The Quantum Model 801A is a highly versatile 
video signal source offering accurate, stable 
test signals for both lab and production test- 
ing of CRT display monitors. The generator 
is user programmable and can simulate 
virtually any raster scan format. Program up 
to 256 characters/row by 128 rows/frame. 
Max. 16x32 character block. EPROM storage 
of 70 user defined display formats. Syn- 
thesizer range l-65MHz $2995 Quantum Data 
Inc., 455 Kehoe, Carol Stream, II. 60187 
TELEX 206725 (312) 668-3301. 
VIDEO TEST GENERATOR 2 56 




Programnabto 



UNINTERRUPTIBLE POWER SYSTEMS. Power 
problems like blackouts, brownouts, spikes, 
dips and transients can damage sensitive 
electronic devices, costing you downtime and 
money. The Clary "Reliability in Action" 
brochure explains how an uninterruptible 
power system (UPS) can protect your 
telecommunications, security, medical labo- 
ratory, process control or computer systems. 
Full specifications are given for 750VA to 
15kVA models. CLARY CORPORATION, 320 W. 
Clary Ave. San Gabriel, CA. 91776 U.S.A. Tel. 
(213) 287-6111 

CLARY BROCHURE 257 




PROGRAMMABLE POCKET CALCULATORS, by 

Henry Mullish and Stephen Kochan. An ex- 
amination of scientific calculators pointing 
out special features, architecture, and pro- 
gramming techniques. Calculators covered 
are: Novus mathematician PR, Sinclair Scien- 
tific. HP-25, HP-25C, and more. 5175-1, 224 
pages, $10.95. CIRCLE THE INFO RETRIEVAL 
NUMBER TO ORDER 15-DAY EXAM COPY. 
WHEN BILLED, REMIT OR RETURN BOOK 
WITH NO OBLIGATION. Hayden Book Co., 50 
Essex Street, Rochelle Park, NJ 07662. 

PROGRAMMABLE POCKET CALCULATOR258 
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BUBBLE MEMORY SYSTEMS 
for Mini's and Micro's 



4K AND 8K STATIC RAM BOARDS ARE COM- 
PATIBLE WITH INTEL'S SBC 80 BUS. The 

RAM-4 (4K RAM BOARD) and the RAM-8 (8K 
RAM BOARD) feature a 400 ns memory access 
time. All IC's are socketed for easy main- 
tenance. The Boards are burned in for 168 hrs. 
at 55° C. Best of all is our 3-yr warranty! 8K 
RAM $455, 4K RAM $340. We ship from stock 
in 3 days. ELECTRONIC SOLUTIONS. 5780 
Chesapeake Ct, San Diego, Ca. 92123 (800) 
854-7086. In Calif. (714) 292-0242. 



SBC 80 RAM 



RACK MOUNT MULTIBUS'" CAGES Now you 

can assemble Multibus systems for rack 
mounting applications with a minimum of 
mechanical design effort. The 15.75" high 
units are available with up to 26 card slots 
complete with backplane and power supply 
connections. Multibus™ Intel Corporation. 
Contact ELECTRONIC SOLUTIONS, 5780 
Chesapeake Court, San Diego, CA 92123 (714) 
292-0242 Outside California (800) 854-7086. 



ELECTRONIC SOLUTIONS 





NON-VOLATILE BUBBLE MEMORY is the ideal 

solid-state alternative to disk and tape for 
harsh environments where moving parts are 
unreliable. No dust or dirt problems. Shock 
and vibration insensitive. No periodic main- 
tenance required. Completely contained on 
one or two p-c boards that plug right into your 
system bus; no extra chassis needed. Less 
than 20 watts powers typical system. Bubbl- 
Tec Inc., 6800 Sierra Ct., Dublin, CA 94566. 
Phone 415-829-8700, TWX/Telex 910- 
389-6890. 



INFRARED COLLIMATED LIGHT SOURCE De- 
signed for applications where a high degree 
of collimation is required as in optical en- 
coders. Dynalite is an infrared LED in a 
package consisting Of a TO-46 header with 
moulded lens cap. Encoder performance is 
significantly increased due to improvements 
in waveform, ripple, duty cycle and resolution. 
Five models offer radiation power levels from 
1.5 to 6.0 mW with 940 mm wavelength. 
Dyneer/Sensor Technology, 21012 Lassen 
Street, Chatsworth, CA 91311 (213) 882-4100. 

DYNALITE 262 



New 50mA CURRENT REGULATING DIODE 

Crystalonics offers new line of very high 
current regulating diodes, including a 50 mA 
device. CIL350 Series ranges from 11mA to 
50mA, has high source impedance and peak 
operating voltages of 45V Max with selections 
available to 65V Max. Ideal stable reference 
currents for TC zeners, high stability biasing 
for oscillators, & protection for IC's. Free short 
form catalog & data sheet. TELEDYNE 
CRYSTALONICS, 147 Sherman ST., Cam- 
bridge, MA 02140 (617) 491-1670 TWX: 
710-320-1196 

CURRENT REGULATING DIODE 263 



FORM YOUR OWN MAGNETIC SHIELDS 

When you need only one or two magnetic 
shields, save time and money by shaping 
your own. All it takes is a scissors and our 
improved Eagle alloys for magnetic shield- 
ing. We'll gladly help. Check the card in 
this publication and we'll send full details 
on Eagle foil and sheet stock. Eagle Mag- 
netic Co., Inc., Box 24283, Indianapolis. 
IN 46224 (317) 297-1030. 



MAGNETIC SHIELDING 



264 






TOROIDAL TRANSFORMERS FOR 50/60 HZ 
CUSTOM MADE TO OEM SPECS, 20-1200 VA 

Smaller dimensions, easier mounting, lower 
hum and strayfield, and much lower weight 
than any comparable stacked core trans- 
former; creating major application and mar- 
keting advantages. Prototypes delivered 2-3 
weeks after order. 

Made in Sweden by TOROID AB. Distributed 
in USA by INTERSEARCH INC. 4720-Q Boston 
Way, Lanham, MD 20801. (301) 459-3292. 
TWX 710-826-0414. 



TOROIDAL POWER TRANSFORMERS 



265 



PLANAR PHOTOVOLTAIC CELL/PHOTODIODE 

The BPW20 light sensor mfg by AEG-Tele- 
f unken is suitable for visible and near infrared 
radiation. Exhibits high linear correlation be- 
tween short circuit current and illuminance, 
10- 2 to 10 5 lx. JEDEC TO 56 case is 
hermetically sealed with flat window and radi- 
ant sensitive area of 7.5 mm 2 . Supplied at 
$4.00 ea for 1000 pes from B H Frank Co., 
3733 W. 139th St., Hawthorne, CA 90250. 
213-675-9182. Tlx 181893 



PLANAR PHOTOVOLTAIC CELL 



266 



FREE MICROPROCESSOR CATALOG 40 page 
catalog of 6800 single board computers, in- 
terface modules, SPRINT 68 control com- 
puter/development system, WIZRD multi- 
tasking DOS, assemblers, compilers, BASIC, 
cross assemblers, cross compilers, custom 
engineering, OEM applications software 
WINTEK Corp., 1801 South Street, Lafayette. 
IN 47904; 317-742-8428. 



MICROPROCESSOR CATALOG 
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Fast reliable printer.The DC-1606B/DC-2106D 
discharge printer prints 16 or 21 column 
alphanumerics in a 5 x 7 dot matrix format. 
Its MTBF is 3.0 million lines on 2.25" paper 
costing about 3/4$ per foot. Just 3.8" H x 5.4" 
Wx5.5" D, it is as low as $130 in 100 quantity. 
Other printers with interface electronics avail- 
able. Call or write HYCOM, 16841 Armstrong 
Ave., Irvine, CA 92714— (714) 557-5252 



PRINTER 
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DAS 8000 ADAPTS TO ALMOST ANY INPUT 
SIGNAL CURRENTLY IN USE. 8000 series A/D 
data converters offer automatic or pro- 
grammed gain selection with 1 1 binary ranges 
from ±10 millivolts to ± 10.24 volts full scale. 
In automatic ranging mode, gain ranges effec- 
tively provide system with a binary floating 
point capability. The data word (12 binary 
bits) is combined with the range data (4 binary 
bits) for a 16 bit output word. Overall dynamic 
range: 132 db. PHOENIX DATA, INC., 3384 W. 
OSBORN Phoenix, AZ 85017. PH (602) 
278-8528. 

DATA CONVERTERS 269 



STD BUSS 
64k RAM 



The CD0331 64k dynamic RAM card provides 

the total RAM requirements of an STD Buss 
Z-80 based system and provides memory 
population options of 16k, 32k, 48k, or 64k. 
It will support CPU speeds of 2.5, 4, or 6 MHz. 
High reliability industrial versions also 
available. Priced from $210. COMPUTER 
DYNAMICS, INC. 105 S. Main St., Greer, SC 
29651 803-877-7471 



RAM CARD 



270 




IEEE 488 TO TRS-80* INTERFACE Everthing 
needed to add powerful BASIC GPIB-488 con- 
troller capability to TRS-80 Model 1 or 3, Level 
2 or DOS with a minimum of 16K. Model 
488-80B or 488-80C Price: $325. + shipping, 
insurance & tax. When ordering specify disk 
or tape. Scientific Engineering Laboratories. 
11 Neil Drive, Old Bethpage, NY 11804. 
Telephone: (516) 694-3205. *Trademark of 
Tandy Corp. There is no affiliation between 
Scientific Engineering Laboratories and Tan- 
dy Corp. or Radio Shack. 



TRS-80* INTERFACE 
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PLATING PRODUCTION CONSOLE has new 

features: #l-Processor doesn't have to reach 
across solutions to adjust controls. #2- 
Lockable vertical plexiglas sliding front door 
encloses tank area, protecting valuable tank 
solutions. ^-Instrumentation is accessible 
from top or front, permitting module to be 
placed against the wall. #4-Preplumbed in- 
coming water & drain manifolds. For plating 
catalog, write to the console leader: HBS 
EQUIPMENT DIVISION, Dept. 884, 3000 Sup- 
ply Ave., Los Angeles, CA 90040 (213) 
726-3033. 

PLATING PRODUCTION CONSOLE 2 42 



HOT PRESSED CERAMIC MATERIALS for new 

generations of magnetic recording heads. The 
densest, toughest, 6 KG H.P. ferrite yet! Ideal 
for video core tech appl in periphls 
AT STILL EXCEEDS 

10 MHZ Perm (u') 600 
70°C Flux Density (Bio) 5KG 

0-4.5KG Pwr. Perm (Linear) 6000 
Magnetizes higher energy media! Sold at any 
level-ingot/machine parts/final prd. Com- 
patible H.P. non-mag ceramics. Potter Instr. 
Co. 10 Main Street, Gonic, N.H. 03867 (603) 
332-1991 Telex 94-4483 
RECORDING HEAD COMPONENTS 243 




68000 MULTIBUS SINGLE BOARD COM- 
PUTER. The PM68K combines an 8 MHz 68000 

processor with up to 256K bytes RAM and 32K 
bytes EPROM, 2 level memory management, 
2 multi-protocol serial I/O ports, 5 16-bit 
timers, multi-master capabilities and a single 
+ 5v power requirement to provide reliable 
high speed and low cost processing. Designed 
to use modern software like UNIX, ADA and 
PASCAL PACIFIC MICROCOMPUTERS, Inc. 
PO Box A81383, San Diego, CA 92138 (714) 
565-2727. 



68000 SINGLE BOARD COMPUTER 
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TaNFilm'" precision subminiature resistor 
networks from TRW. the world's smallest 1/4- 
watt resistor, has proven its performance, 
reliability, and space-saving design in ultra- 
high-speed computers line terminations and 
microwave attenuation. Useful at frequencies 
up to 2 gigahertz, the network offers low noise 
and excellent high-frequency characteristics 
for RF or high-speed switching operations. 
TRW/IRC Resistors, an operation of TRW Elec- 
tronic Components. 4222 S. Staples St.. Cor- 
pus Christi. TX 78411. (512) 854-4872. 



RESISTOR NETWORKS 
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MICROPROCESSOR SYSTEMS DESIGN AND 
APPLICATIONS, edited by Dave Bursky. A 
compilation of articles from Electronic Design 
magazine. Discusses multiprocessorsystems, 
communication and bus interface circuits, 
peripheral interfaces, test equipment, and 
much more. 0976-3, 192 pages, $10.95. CIR- 
CLE THE INFO RETRIEVAL NUMBER TO OR- 
DER 15-DAY EXAM COPY. WHEN BILLED, RE- 
MIT OR RETURN BOOK WITH NO OBLIGA- 
TION. Hayden Book Co., 50 Essex Street, 
Rochelle Park, NJ 07662. 



SYSTEMS DESIGN AND APPLICATION 
^— — — — — 
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AMP 106-107 

AVX Ceramics Corporation 53* 

Abbott Transistor Laboratories, Inc 14 

Adaptive Science Corp 263 

Advanced Micro Devices 6-7, 206-207 

Alpha Data Corp 282 

American Microsystems 234 

Analog Devices 28 

Aromat 248* 



B H Frank 297 

B & K Precision 26-27 

Beau Products, Division of 

Vernitron Corp 268* 

Bell Northern Research SS-15 

Bourns 204-205 

Brush Wellman 247 

Buckeye Stamping Company, 

Inc., The 296 

Burr-Brown Research Corporation 17 

Bussmann Fuses 71 



CTS Corporation 18* 

Cambion 296 

Catalyst Research 263 

Centralab, Inc 56*, 57* 

Central Data SS-51 

Clary Corp 296 

Computer Dynamics 298 

Computervision 240-241 

Corporate Computer Systems SS-50 

Corvus Systems SS-6 

Cromemco SS-52 



Dale Electronics, Inc 2 

Data Electronics 194 

Data General Corporation SS-22-23 

Data Precision 193 

Datricon 16 

Deltron 278 

Digidyne SS-30 

Digital Equipment SS-44-45 

Dilog SS-19 



E H International/ Advant 296 

EMM Semiconductor SS-16 

Eagle Magnetics, Inc 297 

Electronic Design SS-46-47, 277 

Electronic Design Seminar 94-95, 285 

Electronic Solutions 297 

Enertec Schlumberger 55Ef 

Enox Resistor 265* 

Exar 22-23 



Facit Data Products 300 

Fairchild Bipolar Div 251 

Fujitsu America 271* 



Honeywell Test Instruments 

Div 185 

Hybrid Systems 254-255 

Hycom 298 



ILC Data Device Corp 91 

ITT Cannon, A Division of 

International Telephone 

and Telegraph Corporation 48 

ITT North Microsystems 66 

Inmos 24-25 

Input Business Machines SS-18 

Intel Corporation 10-11 

International Microcircuits, Inc 33 

Interphase SS-33 

Intersearch 297 

Intersil Systems SS-5 

Invitational Computer Conference 281 

Iwatsu Electric Co., Ltd 641 1 



Janco Corporation 15 



Kepco, Inc 245 

Keystone Carbon Company 233 

Kontron 37 



LDJ Electronics 252 

Lanier Business Products 62-63* 

Laser Diode Laboratories 90 



Magnetico, Inc 297 

Magnetics 216, 300 

Matrox Electronic Systems SS-36 

Mektron 53Ef 

Micro-Link 177 

Micropolis SS-34-35 

Microsoft SS-2 

Miller-Stephenson Chemical 80 

Mini-Circuits Laboratory, 

A Division of Scientific 

Components Corp 34, 178, 287 

Monolithic Memories, Inc 225 

Monolithic Systems 170 

Monosil 89 

Mostek 

Corporation. . . . 104-105, SS-48, SS-48A, B 
Motorola Semiconductor Products, 

Inc 38-39, 256-257 

Murata Erie North America, 

Inc 49*, 268*. 274 

3M 202-203 



NEC Microcomputers 58-59*, 266-267* 



Qantex Division of North Atlantic 

Industries SS-37 

Quantum Data 296 



RCA Solid State Division 35, 96, 186 

Relational Memories Systems 8, 192 

Rogers Corp Cover III 

Rohde & Schwarz 58Ef, 63Et 



SGS Ates 270, 271 

SLI Industries SS-38 

Scientific Engineering Labs 298 

Seagate Technology 112 

Semi Processes 208 

Sensor Technology 297 

Shin-Etsu Polymer America Inc 52* 

Shugart Associates SS-20-21 

Siemens Corporation 52Et 

Skelmersdale Development Corp 64Hf 

Solid State Devices 64* 

Sprague Electric Company 40, 218 

Synapse Corp 296 

Systems Engineering Laboratories 169 



TEAC Corp 64Ft 
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GSI FLAT WOVEN CABLE 



It Endures! 



When your design requires that a 
quantity of single wires, twisted pairs, 
coax, or fiber optics be fed through nar- 
row spaces or around corners, specify GSI 
flat woven cable to assure durability in 
both assembly and use. 
GSI provides the electronic properties, 
flexibility, breakouts, and terminations 
you require. 

For information on GSI flat woven cable, 
hand-laid and braided cable assemblies, 
wire and cable markers, or coded and 
color-banded wire, call (301) 252-1768. 



GSI 



GSI CORPORATION 

1917 Greenspring Drive, Timonium, Maryland 
Zip Code 21093 • Phone (301) 252-1768 
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WE KNOW A LOT 
ABOUT A LITTLE. 



METGLAS® alloy tape cores, 
for instance. 

New METGLAS materials have very low 
core losses at frequencies to 100 KHz, and 
are ideal for magnetic devices such as 
switching power supplies. Compared to 
Permalloys, METGLAS alloy cores have 
higher flux densities, offering size and 
weight reduction. Evaluation core kits can 
be purchased. 

Write Magnetics, Components Division, 
Butler, PA 16001. U.S.A. 




METGLAS 5 is Allied Corporation's registered trademark 
for amorphous alloys. 



Very special 
specialists 

in tape wound cores. 



mnonerics 
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When your design calls for 
male-to-female standoffs 
...callUNICORP! 
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NOW... 



obsolete 
decou 
capacit 




with 




PAC 



New, high capacitance Q/PAC power distribution ele- 
ments are the exciting, revolutionary way to eliminate 
decoupling capacitors from printed circuit boards. 
Rugged Q/PAC elements are easy to install and in- 
crease system reliability through reduced part count. 

Q/PAC elements are available in capacitance values up 
to 0.05/if per inch in lengths up to 16 inches. Configura- 
tions allow for either vertical mounting or horizontal 
installation under DIP packages. 



Q/PAC elements eliminate the need for on board 
power traces and extra board layers. They maximize 
packaging density and minimize signal interconnection 
problems. 

Q/PAC elements feature a low dissipation factor, low 
inductance and low impedance. 

Pack more on static and dynamic MOS memory boards, 
more on critical random logic boards. 



* Patent Pendir 



Contact the Q/PAC Product Specialist at (602) 963-4584. 

Rogers Corporation 
Chandler, Arizona 85224 

EUROPE Mektron NV Gent Belgium JAPAN Nippon Mektron Tokyo 




Perfection 





...That's what you can expect 
from our ROM family. 

Uncompromising attention to detail, 
including quality levels of 650 PPM, 
plus state-of-the-art technology 
give General Instrument 16K, 32K 
and 64K ROMs the reliability and 
service that proves itself with every 
performance. 

What's more, our QTP (QuickTurn- 
around Production) program guar- 
antees "volume production" in 4 to 
6 weeks, a service made possible 
by the size and scope of our world- 
wide facilities. 

Naturally, as the industry's largest 
manufacturer of masked ROMs, we 
can afford to be price-competitive. 
In other words, our ROMs will give 
you quality and service at low cost. 
Isn't that the name of the game? 

The RO-3-9364 64K ROM, very 
latest in our memory family, is ideally 
suited for CPU memory applications. 
Fabricated in our advanced silicon 
gate process, it provides the best 
combination of high performance, 
large bit storage and simple inter- 
facing. It's edge-activated, allowing 
a maximum access time of 300ns 
with low power dissipation. And it's 
compatible with the MK 36000. 

It makes good sense (and dollars, 
too) to use General Instrument 
ROMs. Consider the advantages — 
quality, service, price and don't 
forget our ROMs are pin-compatible 
replacements for your EPROMs too! 
For information , write General 
Instrument Microelectronics Ltd., 
Regency House, 1-4 Warwick 
Street, London WIR 5WB, London, 
or call 01-439-1891. 



We help you 
compete.® 




GENERAL 
INSTRUMENT 



